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PREFACE TO THE EIGHTH EDITION 

In this eighth edition the text has been completely revised 
and much old matter, which has served its purpose, has been 
omitted. Space has thus been made for the inclusion of newer 
work without increasing the size of the book — in fact, by this 
means and by the use of a new type the volume numbers 
about 160 pages less than the previous edition. 

The following summary indicates some of the principal 
alterations and additions : — 

The section on hydrogen-ion concentration and indicators 
has been extended. 

Under “Laboratory Methods 5 ’ the 0rskov technique of 
single-cell culture is described, and the chapter on stains and 
staining has been re-cast and largely re-written. 

The section on ultra-microscopic organisms has been 
extended and an account of the bacteriophage added. 

The account of the toxin- antitoxin reaction has been 
largely re-written. 

Under cc Anthrax 55 reference is made to the newer work on 
channels of infection. 

The chapter on diphtheria has been revised, the description 
of the standardisation of antitoxin re-written, and Eamon’s 
flocculation method added. 

A brief account of tularaemia is given. 

The chapter on pneumonia and the pneumococcus has been 
largely re-written, and under “ Influenza 55 the Bacterium 
pneumosintes is included. 

The chapter on protozoan affections has been revised, and 
under “Syphilis 55 accounts of the sigma reaction and the 
Kahn precipitation test are included. 

A new chapter has been constituted for the neurotropic 
viruses, including herpes. 
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INTRODUCTION. 

Bacteriology is a branch of Biology which deals with tlie 
study of Micro-organisms, particularly the minute vegetable 
ones known as Bacteria . Its scope is ill-defined, for the term 
is often used m a comprehensive sense equivalent to micro- 
pathology, or even micro-biology, and all investigations con- 
nected with micro-organisms, animal and vegetable, may be 
included under it. The subject has, however, become so 
extensive that the unicellular animal forms are now being 
studied as a separate branch, Protozoology. Bacteriology 
particularly deals with the functions of micro-organisms, and 
their relation to processes — disease, fermentation, putre- 
faction, and the like — while the study of their form, structure, 
and life-history belongs to botany and zoology. There is no 
space in this work to enter into the history of the science, but 
the names oi Leeuwenhoek (1675), Muller (1786), Schwann 
(1837), Cohn, Pasteur, Lister, Koch and Ehrlich, will ever 
hold an honourable place m its annals. 

The study of micro-organisms is of importance in general 
biology, for their vital phenomena are relatively simple, and 
shed light on the more complex processes occurring in the 
higher orders of living beings. Weismann’s theory of heredity, 
based upon the 4C continuity of the germ plasm, 55 has as a 
fundamental conception the immortality of these unicellular 
organisms. An individual bacterium reproduces by dividing*; 
and two ‘daughter cells take the place of the original parent 
one, and thus there is no death m the ordinary sense. Likewise, 
a study of the variations, mutations and possible transforma- 
tions of species of micro-organisms may be expected to throw 
light on the theory of evolution. Organisms such as bacteria 
multiply so rapidly that many generations may develop in a 
few hours, and as they occur in vast numbers, the opportunity 
for variation is unlimited. These are some of the relations 
which micro-organisms have with general biology. 

Micro-organisms are all-important in what may be termed 

i 
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the economy of nature ; without them there would he no 
putrefaction, no decay, and the dead remains of animal and 
vegetable life would accumulate and encumber the earth, 
which would become barren for the want of the organic, matter 
originally derived from it, but of which there was no return. 
In fact the higher plants, and indirectly, therefore, animals 
also, are largely dependent for their existence upon the 
presence in the soil of bacteria, which fix atmospheric nitrogen 
and break up and render assimilable complex substances used 
as manures. 

The higher animals and plants are always associated with 
bacteria and other lowly organisms, and it may be said that* 
the ordinary life of the higher plants would be impossible 
without the co-operation of bacteria and other micro-organisms. 
But microbic associations are probably unnecessary for the 
life of the higher animals. Thus Nuttall and Tlnerfelder and 
Cohendy succeeded in rearing guinea-pigs and chicken on 
sterilised food in a sterile environment, so that the alimentary 
tract was free from bacteria. Levin, moreover, found that the 
intestinal tract m many Arctic animals— the polar bear, rein- 
deer, seal, eider duck, etc. — is generally sterile, so that these 
animals are able to thrive without the intervention of intestinal 
bacteria. 

Commercially, micro-organisms are of the utmost importance. 
Without them there would be no fermentation, and the wine, 
beer, and indigo industries, the ripening of cheese and tobacco, 
and many like processes would be non-existent-. From a 
financial aspect also micro-organisms cannot be ignored ; thus, 
many of the so-called “ diseases 9J of beer and wine, which 
often occasion serious loss, are due to the entrance of adven- 
titious forms, and the existence of the silk and wool industries 
in France was once threatened owing to the ravages of pebrino 
among the silk-worms and of anthrax among the sheep, but 
through the genius of Pasteur these troubles were overcome. 
There is no need to emphasise the importance “of micro- 
organisms from, a medical and hygienic point of view, but the. 
fact may be recalled that seventy years ago the mortality after 
operations was very high, and that 40 per cent, of these deaths 
were caused by pyaemia, septicaemia, and hospital gangrene, 
conditions which are due to the entrance of micro-organisms, 
and which are now almost preventable by means of the 
antiseptic system of treatment introduced by Lord Lister and 
its further development, the aseptic system. 

The theory of spontaneous generation or abiogenosis is 
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intimately associated with the study of bacteria. The putre- 
faction of animal and vegetable fluids even after boiling, and 
the growth in them of minute living forms, were held by many 
to be a sure proof of the development of life from inanimate 
matter, of the spontaneous generation of the hving from the 
non-living. A succession of investigators, however, showed 
that (1) if the fluids be boiled sufficiently long, and be then 
sealed up so as to prevent the access of air, they do not undergo 
putrefaction ; (2) the sealing up may be dispensed with, 

provided the air be first filtered through cotton-wool before 
being admitted to the flasks ; and (?>) even the cotton- wool 
is not needed if the air be passed slowly through a long and 
tortuous channel, so as to deposit its solid particles. Tyndall 
showed that putrescible fluids may be exposed in open 
vessels in a closed chamber the air of which has been un- 
disturbed for some time and its solid particles thereby deposited 
on the walls of the chamber, which had been smeared with 
glycerin , he also proved that vegetable infusions and the like 
which putrefy after having been boiled for ten minutes, do 
not do so if the boiling be repeated on two or three successive 
days, and explained this by the supposition that while the fully- 
developed bacteria are destroyed by the first boiling, their 
more resistant spores remain alive, but these on being left for 
twenty-four hours germinate into the less resistant bacterial 
forms, which are destroyed by the second boiling, and by the 
repetition of the process complete sterilisation may ultimately 
be obtained. This process of 44 discontinuous sterilisation, 55 
as it is termed, is employed by the bacteriologist to-day for 
the preparation of sterile culture media * 

The occurrence of abiogenesis (or, as he preferred to term 
it, 44 archebiosis 55 ) was maintained by Bastian up to his death 
in 1915. He claimed that certain saline solutions which had 
been boiled, or even heated above the "boiling-point in sealed 
tubes, after a time show the development of various hving 
organisms, including bacteria and y easts. "f* 

Bacteriology has made vast strides during the last two or 
three decades, but much remains to be done. The causative 
organisms of several infective diseases are still unknown, the 
perplexing problems of susceptibility and immunity are not 

* The writer believes that this explanation is only partially true, and 
would ascribe some of the sterilising effect of repeated heatings simply to 
the injurious action of alternate heating and cooling. 

t See various papers in the Proc . Roy Roc. Land. , The Ev olution of Life, 
Methuen, 1907 ; and Proc. Roy. Roc. Med., 1913. 
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yet nearly elucidated, and the cure, control and prevention of 
many infective diseases arc by no means fully accomplished. 

Tli© literature of Bacteriology has now become somewhat exten- 
sive. In tlie following pages references to original papers have 
been freely introduced, many of winch contain a more or less full 
bibliography on the subject referred to, so that further informa- 
tion may be obtained if required. Kolle and Wassenn aim's 
Ilandbuch der Pathogenen Mihroo rgan ismen , ed. ii., is the most 
encyclopaedic work on pathological bacteriology yet published. 

Valuable summaries of current researches will be found in 
Medical Science : Abstract* and Reviews ; Abstract# of Bacteriology , 
Bulletin do V Ins tit lit Pasteur and Central blalt far Bakleriologtc . 
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cell consists of a cell-membrane enclosing the transparent, 
more or less structureless living matter or protoplasm, the 
cell-plasma or cytoplasm. BiitschU has described t he bacterial 
plasma as having a reticular structure, but in the young cell 
this is probably either an artifact or a, false image 11 due 
to faulty illumination ; the most that can be seen is a line 
granulation. The protoplasm frequently contains granules 
composed of fatty or protein matter, pigment, and in some 
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species of sulphur ; occasionally certain granules stain blue with 
iodine. In some species “ metachromatic 51 granules occur, 
chiefly at the poles ; these stain purple or pinkish with many 
blue dyes, e.g., methylene blue, are composed of nucleic acid 
combined with an organic base and are to be regarded as 
non-living reserve material (Dobell). 

In the past many have regarded the bacteria ns enucleate 
cells. This is probably incorrect, and Dobell finds that all 
bacteria investigated possess a nucleus which may be in the 
form of discrete granules (chromidia), a filament Of variable 
configuration, one or more relatively large aggregated masses 
of nuclear substance, or a system of irregularly branched or 
bent short strands, rods, or networks, and probably also in 
the vesicular form. The granules observed by Howland to 
take partin cell division (see below) and staining with roseine 
are probably chromidia. 

The cell-membrane is usually invisible, but if the cell is treated 
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with, salt-solution (2*5 per cent.) jplasmolysis takes place, the 
protoplasm shrinking away from the membrane, which then 
becomes visible. It can also be stained in vivo with very 
dilute solutions of roseine. The cell-membrane sometimes 
becomes thickened, swollen, and gelatinous on its outer 
surface, forming a layer or so-called “ capsule ” around the 
organism (Plate I., 2). The clear spaces frequently seen 
around bacteria in dried and stained preparations, especially 
in those from blood and lymph, are generally artifacts and 
not true capsules. In Cladothnx and some other forms the 
cell-membrane becomes hardened, leading to the production 
of a firm sheath. When bacteria assume the resting stage 
groups of them adhere together in a jelly-like matrix, forming 
what is known as a £C zoogloea.” 

The chemical composition of bacteria varies much, not only 
in different species, but even in the same species when grown 
on different nutrient media. All bacteria contain proteins, 
lipoid substances, and salts. fSTencki termed bacterial protein 
fct mykoprotem,” and asserted that it differs from ordinary 
protein matter in not being precipitated by alcohol and in not 
containing sulphur. This does not appear to be the case with 
the proteins obtained by grinding bacterial cells, which seem to 
agree with other proteins m heat-coagulation, etc. 

The proteins are mainly globulins and nucleo-proteins. The 
cell- wall is relatively insoluble, and consists for the most part 
of a material like chit in, and not of cellulose, in this respect 
bacteria resemble animal rather than vegetable cells. Carbo- 
hydrates are generally scanty. Spores differ from the parent 
cells m containing a larger proportion of solids and less water. 

All species of bacteria, but especially the smaller ones, when 
suspended in a fluid exhibit what is known as Brownian move- 
ment, consisting of an oscillation with some amount of rotation 
i^bout a fixed point, but there is little actual movement of 
translation, unless due to flotation. This Brownian movement 
is physical and not vital in origin, and occurs with all fine par- 
ticles suspended in a fluid, and must be clearly distinguished 
from a true vital motility.* Some bacteria are always motion- 
less, others are more or less motile, but these, too, have a resting 
stage. For motility to occur the cells must be young, and the 
conditions favourable to growth and development. Motility is 
due to delicate protoplasmic threads termed “flagella” con- 

* jBrowman movement is due to s< the incessant movements of the mole- 
cules of the liquid which, striking incessantly the observed particles, drive 
them about irregularly through the fluid 9 ’ (Perrin). 
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nected with, the outer layer of the cell protoplasm : these vibrate 
to and fro and propel the organism through the medium 
(Plate I. , 9, 10). A cell will, however, move indifferently in 
either direction ; if a motile organism he watched it will oflen 
be seen to proceed in one direction, stop, and then return 
without turning round. The flagella are very fragile and liable 
to become detached, and are not visible in the living st at e, 
unless dark ground illumination be used, nor by the ordinary 
methods of staining, the use of a mordant being necessary. 
Flagella vary considerably in number and in length ; sun* 
organisms have but a single flagellum at one pole (monotrichie), 
e.g ., Bacillus pyocyaneus , others have two or more flagella form- 
ing a brush or tuft ( lophotrichic ), e.g., Bpirillum ritbnan, while 
others may be almost entirely covered with them {peril rich /V), 
e.g., B. typhosus ; m some the flagella are short and straight, 
and in others long and sinuous. The motility of organisms 
does not necessarily depend directly upon the number of flagella 
they possess, an organism with a few flagella, often being more 
active than another possessing many, and hoiuc an 1 apparently 
non-motile, though well-marked flagella can be demonstrated. 
Generally speaking, however, an organism with several flagella 
will be more motile than a similar form with a few. 

Cfi In'looking at Nature/ 5 says Darwin, Ck it is most necessary 
never to forget that every single organic being may bo said to 
be striving to the utmost to increase in numbers/' and in no 
group perhaps of the animal and vegetable kingdoms is this 
more marked than among the bacteria. Reproduction is gene- 
rally considered to be always non- sexual, and takes place in 
two ways — by simple division or fission and by spore forma- 
tion. Dobell considers that all the evidence is definitely 
against the view that a sexual process occurs at any stage in the 
life-history of bacteria. Schaudinn, however, described an 
apparent conjugation in one species (B. jle-xilis), and Nadson 
states that in a few species sister cells conjugate and from this 
eoirjugation a spore arises. Hort * also claimed that the life- 
cycle of bacteria is by no means a simple one, and Lohnis and 
Smith *j* state that bacteria live alternately m an organised and 
in an amorphous stage. In the latter, the living matter of 
several cells unites and undergoes a thorough mixing, a large 
mass or “ symplasm 35 being formed, from which small bodies, 
“ regenerative units and bodies/ 3 develop and ultimately 
become cells of normal shape. Direct conjugation between two 

* Brit. 3fed. Jovrn., 1917, vol. i., p. 571. 

t Journ. Agricult Research (Washington), vol. vi., 1910, No. 18. 
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or more cells was also observed. Small bodies of C£ gonidia 55 
were also found to be liberated from the bacterial cells, the 
gonidia in some cases being so small as to be filtrable through 
a porcelain filter. The gonidia form either regenerative bodies 
or occasionally exospores. 

Reproduction by transverse fission occurs with all bacteria ; 
the bacterial cell becomes constricted at its middle and finally 
separates into two parts, and thus two young cells take the 
place of the parent one ; reproduction by fission is therefore 
also an increase in numbers. The fission is always transverse, 
never longitudinal * ; longitudinal division, on the other hand, 
is comparatively common among protozoa. Previous to divi- 
sion the rod-forms become elongated and the spherical ones 
ellipsoidal, and the roseine-staining granules increase in number, 
partly by division of pre-existing ones and partly by new 
formation. The constriction m the majority of cases involves 
and passes through one of the granules. In the monotnchous 
and lophotrichous bacteria it is always the non-flagellated end 
of the dividing cell which bears the flagella of the new cell. The 
rate of multiplication varies much under different conditions 
and with different species. Some of the saprophytes under 
favourable conditions may divide every 17-30 minutes, so that, 
the increase being in a geometrical ratio, the number of in- 
dividuals which might arise from a single bacterium in three 
or four days is almost inconceivable, and would en masse weigh 
thousands of tons ; fortunately there are many checks to such 
a rapid multiplication. It is only in the young culture that 
fission proceeds rapidly ; as the products accumulate it becomes 
slower and slower, and finally ceases. Frequently, although 
the protoplasm divides, the division of the cell-membrane is 
incomplete, resulting in a loose union of the cells with the 
formation of a pseudo-filament. These filaments often become 
much curved and twisted, forming tangled masses, owing to 
fission taking place m the cells m the middle of the filament as 
well as at the ends, so that the filaments have to become curved 
to make room for the new cells. 

Reproduction by spore formation is met with in some, but not 
in all, species. Sporulation does not occur in the very young 
culture, but only later when fission is ceasing. It is generally 
described as being of two varieties. In one, endogenous or endo- 
spore formation, a retractile spherical or ovoid body forms within 
the bacterial cell, the development of which can be watched 

* Longitudinal division has been described m a few species, but its occur- 
rence is so rare that it seems doubtful if these forms be true bacteria 
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under the microscope (Plate I., 7, 8). Rowland described the 
process of spore formation as follows : Refractile, oily -looking 
droplets which do not stain with roseine, appear and u!t imat ely 
coalesce, forming the spore. The cell-plasma at- the Siinu 1 time 
diminishes and retracts from the cell-membrane. The roseine- 
staining granules increase in number and aggregate into two 
spherical masses, which dispose themselves one at each end of 
the cell. The cell-membrane collapses somewhat, and, when 
the spore is fully formed, ruptures transversely, leaving two 
cup-shaped receptacles, in which the granules and remains of 
the plasma are still recognisable. Only one spore develops in 
each cell, and the spores serve to perpetuate the race when it is 
threatened with extinction from adverse circumstances. Kacli 
spore consists of a little mass of protoplasm enclosed within a. 
relatively thick and impermeable membrane, which tends 
to preserve its vitality even under unfavourable com lit ions , 
for spores resist the action of desiccation and germicidal agents 
to a much greater degree than the fully developed orga.ni sms. 
The size of the endospore relative to the cell and its position 
within the cell, though constant for any particular species, 
vary much in different species. The short diameter is usually 
about the same as that of the cell, but may be much greater, 
and the position may be central, sub-terminal or terminal, and 
sometimes the spore-bearing cells are swollen or club-shaped , 
these are termed “ clostridia ” (Plate I., 8). Bndospores are 
still unknown in a large number of species. The other variety of 
sporulation, arthrospore formation, is of doubtful occurrence. 
Some of the elements formed by fission become slightly larger, 
more refractile, and more resisting than their fellows, and are 
stated to have the properties of spores (Plate 1., 3). 

Placed in favourable circumstances, the spore in cither case 
germinates; it becomes swollen and granular, and loses its 
refractile appearance ; a slight protuberance forms, this 
increases in size, and an organism similar to the parent, one is 
finally reproduced ; frequently the empty spore membrane at 
first encloses one extremity, and is afterwards cast off. In 
certain instances the spore germinates without casting its 
membrane, the spore membrane becoming the cell-wall of the. 
young organism. The ovoid spores of B . anihracis sprout from 
the end, those of B . subtihs from the side ( ££ polar ” and 
“ equatorial ” germination respectively ; see Plate 1., 7, 8). 

Bacteria, like other living organisms, exhibit variation in 
form and function. The variation in morphology which occurs 
in an ordinary fresh culture, e.g the short, medium and long 
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rods of B. typhosus 9 is known as “pleomorphism/ 5 and may be 
accentuated when preparations from different culture media 
are compared. Pleomorphism must be regarded as normal 
variation, and must be distinguished from involution. 44 Involu- 
tion forms 55 are the altered, enlarged and swollen individuals 
that occur in old cultures ; they are regarded as being old and 
degenerate cells. 

As regards variation m function, the commonest and most 
obvious is the variation in virulence which occurs with dif- 
ferent strains of the same organism or of a particular strain 
kept under laboratory conditions. 

Fermentation reactions may be altered by continuous 
cultivation Thus, Twort succeeded m training the B. typhosus 
to ferment lactose, winch ordinarily it does not, and Revis 
obtained many variations of coliform organisms as a result of 
cultivating m malachite green media, etc. 

In some instances, a considerable variation may arise sud- 
denly so as to constitute a sport or mutant. Thus, gelatinous 
or mucoid forms of B coh and B. dy sente* uv may suddenly 
appear m a culture previously free from them. 

Arkwright * observed that variants of the intestinal bacteria, 
(Dysentery, Typhoid, Paratyphoid and (Partner bacilli) occur. 
Plating out old broth cultures two types of colonies may 
develop The one, designated 4t smooth ” (S), more closely 
resembles the normal and forms colonies which have a smooth, 
glistening surface with well-defined margin, and is not 
agglutinated with 0-85 per cent saline. The other, designated 
44 rough ” (R), forms colonies which are larger than those of 
the S type, are thin and flattened, and have an irregular 
margin and coarsely granular surface , it undergoes sponta- 
neous agglutination in (KS5 per cent saline. With specific* 
agglutinating sera, the two forms of I> d ysenleruv (Shiga) 
clump differently, the S type formed large masses, while 4 the 
R type formed minute clumps readily broken up oil shaking. 
The two forms were identical and resembled the original 
culture m their fermentation reactions In the case of B. 
typhosus and B . ententtdi s old broth cultures yield normal and 
rough colonies Smooth colonies may be obtained by growing 
the normal form on agar containing 0*1 per cent, phenol. 

On the Morphology, etc , of the Bacteria, see Dobell, Quart. 
Jo urn. M ter. Ben., vol. 56, 1911, p. 395 (Bibhog.), and Jo urn. oj 
Genetics, vol. IT., pp. 201, 325 ; Prazmowski, Bull. Inlevnut. de 


!i ' Journ Pathol and Bacterial , vol. xxiw, 1921, p. 30 
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VAcad. des Sci. de Oraoovie, No. 4, />, April HM3, ]>. 105 (Bibliog. ) ; 
Schussnig, Centr. f. TtaJtf., Abt. I., LXXXV., 1020, p. I ; Nutiall 
( 4t Symbiosis "b Nature , vol. 112, 1925, p. 057. 

Classification of thk Baotfria. 

The classification of the Bacteria is a difficult subject. A 
somewhat heterogeneous group of organisms has tindoubi edly 
been described under the term Bacteria, and organisms exist 
which it is difficult to decide whether they be unicellular or 
multicellular, whether simple forms or more highly-organised 
fungi. Moreover, bacterial cells are so minute that only a, few 
broad differences can be observed in the morphology, structure 
and reproductive processes of different species, and ordinary 
criteria are therefore not available for the classification of the 
Bacteria, while the occurrence of pleomorphism and of invo- 
lution forms (p. 11) adds to the difficulty. 

Bacterial organisms may usually be grouped under one of five 
forms. The cell may be (1) spherical, coccm s*, (2) elongated and 
straight, bacillus, (3) elongated and curved, vibrio , (4) elongated 
and twisted, spirillum , and (5) long and filamentous, si re plot h ri.v • 
the last named is now frequently regarded as belonging to 
the Fungi and not to the Bacteria (Plate I.). A streptothrix 
must be distinguished from a chain of attached bacilli. 

Formerly a short rod was termed a bacterium, and a long 
rod a bacillus, but such a division is an arbitrary one, and at 
one stage of its life-history an organism might he a bacterium 
and at another a bacillus. The term ce bacterium ?5 is now but 
little used in this sense, and any straight rod is termed a 
bacillus. The term cc staphylococcus 55 is one frequently met 
with ; it is practically synonymous with micrococcus, and refers 
to cocci which are aggregated into groups or clusters (Plate 1 .). 
Of the twisted rods, a definitely rigid spiral form of a few turns 
is a spirillum, a fiexuous twisted filament is a spirochaota. The 
systematic position of the Spirochaetse has given rise to con- 
troversy. The parasitic ones ( e.g that of relapsing fever) are 
commonly regarded as Protozoa, but Dobell * dissents from 
this view and considers them all to be much more closely allied 
to the Bacteria, which he classifies as follows ; 


SCHIZO- 


f Gyanoph^ cose 


PHYTA { Bacteria i Trichobaotena 

1 IHaptlobacteria 


f ( Jo<*oc>i<lea 
I Baeilloklea 
Spiri lloxdea 
| Bpiro- 

l CHAETOIBEA 


* Proc . Roy . Roc. Lond., b, vol. lxxxv., 1912, p, 180. 


R phochavla 
Treponema 
Crist ispira 
Raprospira 




PLVTU I 

Types op Bactpikjv and otiiku Ohovmsms 

1. Micrococcus or Staphylococcus 

2. Encapsuled Diplocoecus 

3 Streptococcus Note enlarged cells, which have been leg.uded as 
arthrospores 

4. Encapsuled Tetraeoccus or Merismopcd i<i ( M icrococciis fclno/cntis) 

5 Sarcuia. 

6. Yeast, showing budding or gemmation 

7. Bacillus megateuum. a. Dividing vegetative cells b Smrosn»‘ 

stages m spore -formation r Half -grown spores <{ l<h|tinfnt ta I 

germination of spores (aftei De Baiy) 

8. Clostridium butyucum a ■ Dividing vegetative cells h Sueeeessi \ u 

stages m spore -formation with finally fully developed elosti ldnnn. 
c. Spore free from clostridial cell, d Polar geimmaiion of spores 
(after Prazmowski) 

9 Vibrio with single polar flagellum (monotnclm cell) 

10 a and b Forms of Spirillum, b showing a single polar flagellum hit- 
each end 

11. Oidium, showing young yeast-like cells and older elongated cells 
forming a mycelium. 



PLATE I. 
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The following is an outline of Zopf’s classification (1885), 
the Bacteria being divided into four principal groups or 
families, which again are subdivided into smaller groups or 
genera : 

Family I. CoccACEiE. — Spherical forms only ; division occurs 
m one or more directions. 

Genus 1. Micrococcus (Staphy loco ecus). — Division in one 
direction only, but irregular, so that the cocci after division 
form irregular clusters. 

Genus 2. Streptococcus. — Division m one plane, but regular, 
so that the cocci form chains. 

Genus 3. Merismopeiua (Tetracoccus). — Division in two direc- 
tions at right angles to each other, but in the same plane, so 
that lamellae or plates are formed. 

Genus 4. Sarcina. — Division m three directions at right angles 
to one another and m two planes, so that cubical masses are 
formed. 

Genus 5. Asoococous. — Cocci which develop in a gelatinous 
matrix. 

Family II. Bactbriaceje. — Rods, straight or curved, at some 
period of the life-cycle, though coccoid and other forms 
may occur. 

Genus 1. Bacterium — Straight rods, endospoie formation 
does not occur. 

Genus 2. Bacieuus. — Straight rods ; endospore formation 
occurs. 

Genus 3. Leucon ostoc. — C occi and rods ; arthrospore forma- 
tion occurs iu the coccoid forms. 

Genus 4. Clostridium. — The same as bacillus, but the spore - 
bearing rods are enlarged and club-shaped. 

Genus 5. Spiriulum. — Spiral rods ; spore formation does not 
occur. 

Genus 6. Vibrio. — Spiral rods ; spore formation occurs. 

Family III. — LEPTOTRiciiEiE. — These are unbranching thread 
forms. 

Family IV. Cuabotriciie^e. — These are thread forms showing 
true but not dichotomous branching. 

There are many features in this classification which are of 
practical value. The distinction made between a bacterium and 
a bacillus, for example, is convenient. On the other hand, the 
formation of the genera is not consistent, those of the Coccacese 
being based on the mode of division of the cells, while those of 
the Bacteriaceae are based on the morphology of the cells. 
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Another classification is that proposed by Migula : * 

The Bacteria, are divided into two orders : the Kubaoteria, 
bacteria proper — tlie celts of which contain neither sulphur 
granules nor a colouring matter, haeterio-purpurm ; and the 
Tlnobacteria, the cells of which contain sulphur granules and ma.v 
he coloured with bacterio-i>urpurin. The Bnbactena are divided 
into five families : (1) Coccacese, (2) Bacieriaceag (:S) Spmllaoea\ 
(4) Chlamydo -bacteriacesc, and (5) Beggiatoaeeie. These, again, 
are subdivided into many genera, based partly pn the mode ot 
division and partly oil the number and on the arrangement of the 
iiagella upon the organisms. The Coeeaeem globular cells- 
contain tlie genera Strep' to coccus, Micrococcus, Samoa (non- 
motile), and Planocoecus and Planosarema (motile) ; (lie, Bae- 
teriacese are defined as long or short cylindrical rods, straight and 
never spiral ; division in one direction only after elongation of 
the rods ; and this family has three genera : (a) Bacterium- - 

non -flagellated cells, often with endospore formation ; {!>) Bacillus 
— cells possessing both lateral and polar flagella, often with eiulo- 
spore formation ; (c) Pseudomonas — cells with polar flagella, only, 
rarely endospore formation. The Spmllacene are curved or spiral 
rods, and include (a) Spirosoma, non -motile forms, (/>) Mierospira, 
motile forms with one polar flagellum, (e) Spirillum, motile forms 
with two or more polar flagella. 

Buchanan f has devoted much attention to the subject 
of the classification of Bacteria. The following is an outline ot 
the system proposed by a committee of the American Society 
of Bacteriologists : J 

A . OEDEE MYX O B ACT K B I A I jE S . 

Cells united during vegetative stage into a pseudo -plasmodium. 
Besting stage cystic. 

B . OEDEK Til 10 B ACT K li I ABB S . 

Cells free or united into filaments, containing granules ol 
sulphur or of bacterio-purpurin or both. Water forms. (The 
44 sulphur ” bacteria.) 

C. OEEEE CHLAMYDOBACTEBIABKkS. 

Cells united into filaments, often with false branching, and 
usually a well-marked sheath. Iron often present. Water forms. 
(The 44 iron ” bacteria.) 

* System der Balterien, 1897 

t See Manual of Systematic Bacteriology (Williams & Wilkins Co., 1925). 

t Journ. of Bacteriology, vol, v., 1920, p. 191. 
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1). ORDER ACT INOMYCE TALES. 

Non -motile cells,- usually elongated, frequently filamentous. 
Tendency to brandling, in some a definite branched mycelium. 
Endospores not formed, but comdia sometimes present. Usually 
Gram -positive and aerobic. Some species parasitic. 

Tamilt/ I. AcTiNOMYCETACEiE. — Filamentous forms often 
branched and mycelial. Conidia sometimes present. 

Genus 1. ActinobaCiulus. — Resemble strep to bacilli. In 

lesions mycelium not formed, but finger-shaped branched 
cells at periphery. Gram -negative and not acid -fast. 

Genus 2. Leptotrioiua — Thick threads, unbranclied, fre- 
quently clubbed. No conidia. Gram -positive when young. 
Parasitic. 

Genus 3. Actinomyces. — Form a much-branched mycelium. 
May break up into segments which function as conidia. 
Sometimes parasitic with clubbed ends to filaments in the 
tissues. 

Genus 4. Erysifeeotiirix.— R od -shaped organisms with ten- 
dency to long filament formation which may branch. No 
spores. Non -motile Gram -positive and usually parasitic. 
( Swine erysipelas. ) 

Family II. Mycobaoteriace.e — Parasitic forms. Rod-shaped, 
frequently irregular, rarely filamentous or branching. No 
conidia. 

Genus 1. Mycobacterium. — Slender rods, often clubbed, occa- 
sionally branched. Non -motile, no endospores. Acid-fast 
and Gram -positive. (Tubercle bacillus.) 

Genus 2. Coeynebacterium. — Slender rods, often clubbed, 

occasionally branched. Non -motile, no endos 7 >ores. Giam- 
positivc, not acid -fast. Characteristic snapping ol cells m 
division. (Diphtheria, bacillus ) 

Genus 3 Fusiformis.- — C ells elongate and fusiform, sometimes 
filamentous, not brandling. Non -motile, no spores. Para- 
sitic. 

Genus 4. Pfeifferella. — N on -motile slender rods with ten- 
dency to form threads with branching. Gram -negative. 
Carbohydrates not fermented. Honey -like growth on potato. 
( G landers bacillus . ) 

E. ORDER EU23ACTERIALES. 

Includes the forms usually termed true bacteria. Cells spherical, 
rod -shaped or spiral, without well -differentiated nucleus Sulphur 
granules and bacterio -purpurm absent. In most genera no true 
filaments and rarely branching. Some genera produce endo- 
spores. Conidia absent. Cells motile (by means of flagella) or 
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noil -motile. Multiplication always by Ira. as verse fission. Cells 
may bo single, in chains or other grouping, ami may be united 
into gelatinous masses which are never motile nor develop cysts 
(as in Myxobacteriales). 

Family I. Nitrob acteriaoejg. — This family includes the nitri 
fying forms {A&otobacter, N % Iros omo nas , RJiisolnmn, JSIitro- 
baeter) and acetic ferments (Aeetobacter), 

Family II. P setjdomon ao ace .e. — R od -shaped, short, usua lly 
motile by means of polar flagella. No endospoves. Fre- 
quently gelatin liquefiers and usually ( Irani -negative. 
Water -soluble and diffusible pigments common-- green, 
blue, purple, brown— or non -diffusible yellow pigment 
(many of latter are plant parasii.es). 

Genus 1. Pseudomonas. — Characters those of family. ( IUteillus 
pyocyaneas.) 

Fmmly III. Spirillaceje. — Cells elongate and more or less 

spirillar but non-flexuous. Generally motile, with polar 
flagella, and non -spormg. Typically water-forms. 

Genus 1. Vibrio. — Short curved rods, motile with a single 
(usually) polar flagellum. Non -spormg and usually Gram- 
negative. (Cholera vibrio.) 

Genus 2. Spirillum. — Non-flexuous spiral cells, generally 

motile with tuft of flagella at one or both poles. Endospores 
m some species. Typically in water or infusions. (N/>. 
rubrum. ) 

Family IV. Coccaceas. — Typically spherical cells. Division in 
one, two or three planes. Endosporos absent. Motility 
rare. Pigment often produced. 

Tribe A. Neissereje. 

Strict parasites growing on serum media, but not on ordinary 
media (or only poorly on latter). Cells normally in pairs. Gra.m- 
negative. 

Genus 1. Neisseria —Characters those of tribe. (Gonococcus 
and Meningococcus.) 

Tribe B. Streptococcus.*:. 

Parasites (except Leuconosloe). Planes of fission of cells usually 
parallel so that chains are formed. Generally Gram -positive and 
grow anaerobically. Produce acid in glucose and generally in 
lactose. 

Genus 2. Diplococcus. — Parasites. Gram -positive. Often 
en capsuled. Most ferment glucose, lactose, sucrose and 
inulm . (Pneumococcus. ) 

Genus 3. Leuconostoc. — Saprophytes growing in sucrose. 
Cells in chains or pairs in .zoogloeal masses. 
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Genus 4. Streptococcus. — Chiefly parasites. Cells normally 
in short or long chains. Capsules rarely present, no zoogloea. 
Generally Gram -positive. Growth delicate. Many sugars 
fermented hut rarely inuliii. Generally non-liquefiers. 

Genus 5. Staphylococcus. — Parasites. Cells in groups. 

Generally Gram -positive. Growth copious, white or orange. 
Gelatin often liquefied. Ferment glucose, maltose, sucrose 
and often lactose. 

Tribe C. Micrococce^e. 

Parasites or saprophytes, preferably aerobic. Copious growth. 
Planes of fission often at right angles with packet formation. 
Genus 6. Micrococcus. — Copious growth with yellow pigment. 
Genus 7. Sarcina. — Cell -division m three planes with packet 
formation. 

Genus 8. Rt-iooococcus. — Copious growth with red pigment. 
Family V. Bacteriace/E. — Pod-shaped cells without endospores. 
Usually Gram -negative. Flagella when present peritncliic. 
Metabolism complex. 

Tribe A. Ciiromobactereje. 

These are water bacteria forming red or violet pigment. Genera : 
1. Ft ythrobactenum (red pigment, e.g . JB. prodigio&us), 2. Chroma - 
bacterium (violet pigment). 

Tribe B. Erwineje. 

Plant, parasites. Genus * 3. bJrwinia. 

Tribe C. Zopfe.e. 

Gram -positive, copious growth. Not attacking carbohydrates. 
Genus 4. Zopfius,- — Long rods and chains. Motile. Proteus- 
like growth. Gelatin not liquefied and carbohydrates not 
attacked. 

Tribe L>. Bactere^e. 

Gram -negative, copious growth. Attacking carbohydrates with 
acid, and often gas, formation. 

Genus 5. Proteus. — Highly pleomorphic rods and filaments. 
Actively motile. Amoeboid colonies. Liquefy gelatin, de- 
compose proteins, ferment glucose and sucrose. Gas C0 2 
only. 

Genus 6. Bacterium. — Often motile. Barely liquefy gelatin. 
Most attack liexoses, often with gas formation (CO a H- H 2 ). 
Typically intestinal parasites of man and animals. (F. eoli , 
/>. typhosus.) 

Tribe K. Lactobacille.e. 

Gram -positive, non -motile. Attack carbohydrates with pro- 
duction of lactic acid (gas, 00 2 ). Growth poor. 

Genus 7. Lactobacillus. 


m B. 
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Tribe F. Pasteurblle.e. 

Gram -negative rods, bipolar staining. 

Genus 8. Pasteurella. — Parasitic. Gelatin not liquefied. 

Carbohydrate fermentation slight, no gas. ( />. pestis.) 

Tribe G. PlEMoriiiLK e. 

Minute parasitic forms growing only in presence oi‘ lueinoglobin, 
serum, etc. 

Genas 9. Hemophilus. — Minute rods. Strict parasites. Gra.ni- 
negative. (B. 'influenzal.) 

Family VI. Bacillace-E. — Kods producing emlospores, usually 
Gram -p ositive. 

Genus 1. Bacillus — Aerobic terms, mostly saprophytic. 
Liquefy gelatin. (B. subtilis.) 

Genus 2. Clostridium. — Anaerobes, often parasitic. Rods 
frequently enlarged at sporulation, producing clostridial 
forms. ( Clostridium buiyricum .) 

F. OKDEB SP IB O CHAETA LIS 8 (B ijohan an). 
Protozoan -like. Cells usually slender, flexuous spirals. Multi- 
plication by longitudinal, or by transverse division, or by both. 

( Spirochaetes , etc ) 

In the following pages Ihe nomenclature of the principal species 
in accordance with the foregoing system is g%ven in square brackets. 

In botanical and zoological nomenclature every species has a. 
binomial name, the first being the generic, the second the specific 
name. Many bacterial species have received trinomial or multi- 
nomial names, which should be inadmissible. The specific, name 
first given to an organism must stand unless it has been used for 
some other species. 

Conditions of Life of Bacteria. 

Bacteria, being living organisms, must be supplied with 
suitable nutritive substances m order that their life-processes — 
nutrition, reproduction, and the like — may be carried on. Being 
devoid of chlorophyll they are mainly dependent upon complex 
organic compounds for the carbon, hydrogen, and nitrogen which 
enter into their composition, these elements being derived for 
the most part from proteins and carbohydrates.. Borne bac- 
teria, however, are able to obtain the requisite nitrogen from 
such comparatively simple compounds as ammonia, ammo- 
nium es^bonate, or nitrates, and one group can make direct use 
of the atmospheric nitrogen. Certain inorganic salts, sulphates, 
phosphates and sodium chloride, also seem to be necessary 
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for normal development. These nutrient substances must be 
presented to the bacteria in association with, water, for without 
water bacterial activity ceases, though in the dry state many 
forms, and especially their spores, may retain their vitality 
for a considerable time ; absolute desiccation, however, is 
rapidly fatal to many. 

Temperature is also an important factor. Though the growth 
of many species occurs through a wide range, there is for almost 
all an optimum at which growth is best, and of a range not 
exceeding 5° or 10°. Growth usually ceases below 10° 0., but 
cold does not destroy bacterial life ; after exposure to the 
intense cold produced by the evaporation of liquid oxygen 
( — 170° C ) fox weeks, or of liquid hydrogen ( — 252° 0.) for 
ten hours, bacteria and their spores will grow and germinate, 
and their chromogenic and pathogenic properties seem to be 
unaltered.* On the other hand, bacterial growth usually ceases 
when the temperature exceeds 40° C. or thereabouts, and most 
bacteria without spores are destroyed within half an hour 
by a temperature of 65° C. The spores are far more resistant ; 
some may even be boiled for a short time without losing their 
vitality, but prolonged boiling is fatal to both bacteria and their 
spores. There is, however, a group of so-called thermophilic 
bacteria, which thrive best at a temperature of 60° to 70° C. 
They occur m the soil and in water, and are probably of consider- 
able importance in the natural fermentations accompanied by 
the evolution of heat, such as are met within manure heaps, the 
heating of hay and the firing of moist cotton, f 

Free oxygen is essential to the growth of some organisms ; 
these are termed strict aerobes. Others will not develop 
in its presence, strict anaerobes ; others, again, while pre- 
ferably aerobic or anaerobic, will grow in the absence, or in 
presence, of oxygen, and are respectively termed facultative 
anaerobes or facultative aerobes. The distinction between 
aerobic and anaerobic organisms though in the main true 
has limitations, for it is possible to “ educate 75 strictly 
anaerobic forms to grow aerobically. Some organisms are 
strictly parasitic on animals or plants ; others live in water, 
soil, decaying matter, etc. — these are termed saprophytes ; and 
many are able to exist either as parasites or as saprophytes. 

Besides parasitism, another association of organisms occurs, 
known as symbiosis.” The term denotes a condition of con- 
joint life that is more or less beneficial to the associated 

* Macfudyen and Howland, Proc Hoy Hoc. Land 1900. 

f fc>ee Morrison and Tanner, Jourw. of Bacteriology, vol vn., 1922, p. 342 

2 — 3 
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organisms or symbionts, and all grades exist between parasitism 
and symbiosis.* The organism in the nodides of the roots oft he 
Leguminosse, which fixes atmospheric nitrogen, is an example 
of symbiosis, and many other associations between fungi or 
bacteria and the higher plants, at least beneficial to the latter, 
are known. Thus, orchid seeds do not germinate, and potato 
tubers are not formed, in the absence of certain fungi. ( -ertain 
insects utilise bacteria to aid digestion, and m some Oepha- 
lopods, Tunicata and Pish phosphorescent bacteria seem to be 
the essential agents of their luminescent organs. The mere 
association of bacteria in a mixed culture should not be termed 
symbiosis, not even when the associated organisms bring a bout. 
a<*particular change, as found by Marshall Ward m the east 1 
of the ginger-beer plant. This produces a fluid like ginger-beer 
when placed in a solution of sugar with ginger, the fermenta- 
tion being induced by the joint activities of a. yeast and a 
bacterium. 

Bacterial development is much influenced by the presence of 
foreign substances in the nutrient medium. A number of 
metallic and other salts, chlorine, bromine and iodine, carbolic 
acid, salicylic acid, etc., have an injurious effect upon 1 mete rial 
life, inhibiting or stopping growth, or killing the organisms 
outright ; these are of considerable practical importance and 
are known as germicides, antiseptics and disinfectants. The 
products produced in the nutrient medium by the bacteria 
themselves also sooner or later inhibit or stop further growth , 
a familiar instance of this is seen in the alcoholic fermenta- 
tion of sugar by yeast, which ceases when the amount of 
alcohol reaches 12 to 14 per cent. Probably it is this accumu- 
lation of metabolic products that limits the growth of bacteria 
in culture tubes and is the cause of the ultimate death of 
organisms in cultures. 

The individual organisms of a culture vary in their resistance 
to germicidal agencies, so that while the majority of the organ- 
isms of a particular culture may be destroyed by a certain 
procedure, a few may survive. 

Another point affecting bacterial life is the presence of a 
mixture of organisms in the same nutrient medium. If there 
be a very vigorous form, it may ultimately grow and multiply 
to such an extent as to crowd out and finally kill the other 
forms with which it is associated, and if the nutrient medium 
equally favour two species, that one which is in an excess at 
the beginning may outgrow the other, 

* See Nutt all. Nature, vol. 112, 1923, p. 657. 
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Bacteria exhibit a selective action on certain substances 
which contain isomerides or right- and left-handed modifica- 
tions of a substance. The Bacillus ethaceticus attacks mannitol 
but not dulcitol, two alcohols which are very similar and possess 
the same simple chemical formula. 

The natural sugars are all compounds with asymmetric 
molecules rotating a beam of polarised light, but when pre- 
pared artificially they are without action on polarised light, 
because the synthetic product consists of equal numbers of 
left-handed and right-handed molecules, which mutually 
neutralise the optical activity of one another. 

By the action of micro-organisms, however, on such an 
inactive mixture the one set of molecules is sought out by the 
microbes and decomposed, leaving the other set of molecules 
untouched, and the latter now exhibit their specific action on 
polarised light, an active sugar being thus obtained. Synthetic 
fructose is inactive, being a mixture of dextro- and Isevo- 
rotary laevulose. Lsevo-rotary hevulose occurs in nature, 
while dextro-rotary hevulose, so far as is known, does not. If 
a solution of synthetic fructose is inoculated with brewer’s 
yeast, the yeast organisms attack the Isevo-rotary lsevulose 
molecules and convert them into alcohol and 0O 2 , while the 
dextro-rotary l&wulose is left untouched. 

Pressure, unless very great, has little effect on bacteria. 
"Roger investigated the effects of high pressure on certain 
organisms in bouillon cultures. Pressures of 200 to 250 kilos, 
per square centimetre had no effect , by raising the pressure 
to 3,000 kilos, per square centimetre one- third of streptococci 
were killed, and of anthrax without spores a good many ; 
while sporing anthrax, Micrococcus 'pyogenes , var. aureus , and 
the colon bacillus were unaffected.* 

Our countrymen Downes and Blunt first called attention 
to the injurious effect of light upon bacteria. If plate cultures 
be prepared and exposed to sunlight, a portion of the plate 
being protected from its action, as by sticking on a letter cut 
out of black paper, and the preparation afterwards incubated, 
it will be found that the colonies develop at the protected 
portion only, those parts which have been exposed to sunlight 
remaining sterile. Although this action of sunlight may some- 
times be due to chemical changes in the medium, resulting in 

* Bacteria being so minute, the actual pressure on a bacterial cell, even 
with these high pressures, is small. If, for example, a bacterium measures 
I fx by 5 fx, a pressure of 1,000 kgrm per square centimetre would be but 
0*05 grm. {f gram) on the cell. 
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tTie production of ozone or other germicidal bodies the ex peri- 
ments of Marshall Ward and others have conclusively shown 
that germicidal action may he caused by the direct action of 
the light, the violet and ultra-violet rays being those con- 
cerned, and the red end of the spectrum having no effect. Thu 
most active ultra-violet radiations are in the region of 280 p/t 
or less. Above this the action becomes slower and slower, and 
ceases at 365 /z/z. The X-rays seem to have little or no influence, 
upon bacteria, but the results that have been obtained are- 
somewhat contradictory. 

The radium emanations with prolonged exposure and near 
contact are germicidal to non-sporing organisms. 

Electricity, joer se , has also usually little effect. When the 
current is passed directly through a culture electrolysis takes 
place, and the products formed may destroy the bacteria, ; 
currents of high potential, however, may inhibit growth. 

Bactdrtau Products. 

The chemical changes produced by micro-organisms are 
chiefly analytic or destructive — the formation of simpler from 
more complex bodies. This analytic faculty is present to a 
marked degree in the process known as putrefaction. Putre- 
faction is a term applied to the decomposition of organic, 
especially protein, matter after the death of the animal or 
plant. It is usually accompanied by the evolution of foul- 
smelling gases and by solution of the solid material. A large 
number of organisms are concerned in this process, particularly 
a group to which Hauser gave the name of Proteus, The first 
changes -which occur are the formation of proteoses and pep- 
tone, then leucin, tyrosin, and glycocol, and basic compounds 
to which the name of ptomaine has been given ; next indole, 
skatole, and phenol, and volatile fatty acids ; and lastly, 
mercaptans, sulphuretted hydrogen, marsh gas, ammonia, 
carbonic acid, and hydrogen. 

Indole. — -Indole (C 8 H 7 lSr) is a product of the putrefactive 
decomposition of proteins containing a tryptophane group, 
and is formed during the growth of many organisms, and, 
since one species may produce it and another allied one may 
not, the determination of its presence or absence in the culture 
may be of value in the identification of organisms. The 
common method for the detection of indole is based on the 
reaction with nitrons acid, with which it forms a purplish-red 
compound, nitroso-indole. The culture fluid usually employed 
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is peptone water, preferably 2 per cent., but some samples of 
“ peptone ” may fail to yield indole when organisms are grown 
in media prepared from them ; the right kind of peptone must, 
therefore, be used. 

Peptone water is not always a good culture medium, and 
it may be enriched with the addition of a little sterile serum, 
rabbit’s serum being perhaps the best. 

The presence of dextrose, saccharose, glycerin, or lactose in 
quantity exceeding about 0*25 per cent, prevents the formation 
of indole in broth by bacteria. Nutrient broth prepared with 
meat usually contains a little dextrose derived from glycogen, 
and this probably explains why the indole reaction is generally 
much more marked in a peptone water than in a broth culture, 
although the latter is a better nutrient soil. In order to pre- 
pare a meat broth free from dextrose, the acid beef-broth 
should be inoculated with the colon bacillus and incubated for 
twenty-four hours, and the nutrient broth prepared with this. 
The dextrose is consumed, no indole is formed, and the colon 
bacillus is eliminated by the subsequent sterilisation (T. Smith), 

Homer * suggests that in a medium containing glucose there 
is lessened indole production because of the formation of a 
glucose-tryptophane complex which is not attacked so readily 
as tryptophane. 

Some bacteria not only form indole but also produce 
nitrites m the culture medium by the reduction of nitrates 
present m the peptone, etc., used in making the nutrient 
medium, in which case the addition of pure sulphuric or hydro- 
chloric acid alone suffices to bring out the nitroso-indole 
reaction. This forms, therefore, an additional means of dis- 
tinguishing organisms, and is employed especially for the 
recognition of the cholera spirillum, which, if grown in peptone 
water, gives the indole reaction (or, as it has been termed, 
tf£ the cholera red reaction ”) on the addition of acid alone. 
The reaction can be obtained as early as twelve hours after 
inoculation, and becomes very marked in twenty-four to 
forty- eight hours. 

The nitroso-indole reaction is not necessarily always due to 
indole ; the author has shown f that it may be obtained with 
cultures of the diphtheria and pseudo -diphtheria bacilli, but in 
this case is caused by indole-acetic acid. This substance is 
distinguished from indole by being non-volatile and by giving 
a negative reaction with the Ehrlich reagent. To make sure of 

* Journ. of Hygiene, vol. xt., 1916, p. 401. 
t Trans Path . Soc . Lond , vol. In., pt. ii., 1901, p. 113. 
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the presence of indole, the culture should therefore be made 
alkaline with caustic soda and distilled. The alkalinity 
should correspond to a pH value of about 9*2 (Zoller). If 
100 c.c. of the culture be distilled, the first 20 o.o. of the, 
distillate will contain the bulk of the indole. 

To test for indole, add 1 c.c. of a. 0*1 per cent, solution of sodium 
nitrite to 10 c.c. of a peptone water culture, two to three days old. 
Then add four or five drops of pure eon cent. rated sulphuric, or 
hydrochloric acid, and mix. A colour varying from pale pink to 
purplish pmk indicates the presence of indole. The colour frequen Uy 
deepens if the tube be placed in the warm incubator for half an 
hour. The weak nitrite solution should bo freshly prepared from 
a stock 5 per cent, solution not too old ; ail excess of nitrite must 
be avoided. The pmk pigment may be extracted by shaking with 
a little amylic alcohol. 

Tlie Ehrlich reagent is the most delicate test. It consists of 
paradmiethylamidobenzaldehyde (4 grin., dissolved m absolute 
alcohol 380 c.c., hydrochloric acid 8 c.c.). To about 10 c.c of 
culture 5 c.c. of this solution are added, and then 5 c.c. of a 
saturated aqueous solution of potassium persulphate , indole 
gives a pmk or red colour. Another test is /^-naphihaquinono 
sodium -mono -sulphonate (2 per cent, aqueous solution), which 
gives, when the mixture is rendered alkaline with caustic potash, 
a blue or blue-green colour or precipitate. The coloured compound 
maybe extracted with chloroform, m which it, yields a red solution. 

Skatole (methyl indole) seems also to be formed by some 
organisms. It is volatile like indole, but, if a, solution containing 
it be boiled with an acid solution of paradimothylamidobenznlde- 
hyde (5 per cent, in 10 per cent, sulphuric acid) it yields a, blue 
colour, which gives a blue solution in chloroform. 

Nitrification. — Another important series of changes is that 
included under the term nitrification.’ 5 As mentioned 
before, protein, albuminoid, and other complex nitrogenous 
matters and urea, all of which are valuable manures for plant, 
life, cease to he so unless bacteria are present. 

It is necessary, in fact, for the nitrogenous matter to be 
converted into nitrates, in which form alone is it available for 
the nutrition of plants. 

Although so important, extremely small quantities of 
nitrates are present in the soil ; in fertile soils, for example, 
under some conditions there may be as little as on© part of 
nitrogen in 1,000,000 and there is often less than ten parts. 
The bodies yielding nitric acid in the soil are : ( 1 ) free nitrogen ; 
(2) small quantities of nitrates in rainwater ; (3) ammonium 
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salts, applied intentionally or carried to tlie soil by rain or 
derived from the decay of organic matter ; (4) various nitro- 
genous organic substances arising from the decay of animal 
and vegetable matters. 

In 1877 Schloesing and Muntz showed that the production 
of nitrates in the soil is inhibited by antiseptics, such as 
chloroform vapour, or by sterilising the soil by heat. Such 
“ inactive 55 soil may be rendered nitrifying again by seeding 
with untreated soil. Either nitrates or nitrites may be formed 
in nitrifying solutions under apparently identical conditions, 
and in 1884 Warington concluded that the factor determining 
the formation sometimes of nitric acid and sometimes of 
nitrous acid is the presence of different organisms. 

In 1886 Munro showed that the process of nitrification can 
take place in solutions practically destitute of organic matter. 

Nitrification in the soil takes place m three stages : 

I. Ammonisation . — When complex organic compounds such 
as albuminoids are applied to the land they are broken up ; 
first they become liquefied, peptone-like bodies being produced ; 
these are then further acted upon and we get alkaloidal 
substances in small quantity, indole, skatole, leucin, and 
tyrosin and ammo-acids, valerianic acid, volatile fatty acids, 
lactic acid, etc. 

These changes are brought about by numbers of organisms, 
among which the varieties of Proteus (formerly known as 
Bacterium termo ), B . mesentericus, B. my conies , B. fluoiescens 
hquefaciens , and B. putrificus are the more important. 

The nitrogenous compounds are then further acted upon 
and ammonium salts are formed. According to Emile 
Marchal, ammonisation takes place essentially under the 
influence of microbes living in the upper layers of the soil. 
The Bacillus mycoides is one of the most energetic of these 
and seems to play a double rdle , being ammonising in the 
presence both of nitrogenous organic substances and of nitrates. 
Urea is arntnomsed especially by the Micrococcus urece. 

II. NUrosation. — The ammoniacal salts are next converted 
into nitrites. The nitrous organisms can probably attack 
nitrogenous organic substances such as asparagine and milk, 
but only feebly, milk being much more rapidly nitrified when 
the nitrous organisms are mixed with other species. The 
c< nitrous 99 organisms bringing about this change are short, 
stumpy, motile bacilli with single polar flagella which are 
grouped under the generic name of Pseudomonas . 

III. Nitratation . — These nitrites are then converted into 
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nitrates. Tlie “ nitric ” organisms are minute non-motile 
bacilli known as Nitrobacler . 

The discovery of Mutiro tliat organisms will grow in purely 
inorganic solutions lias been made use of for the isolation of the 
different species. Solutions such as the following have been used : 

For thb Nitrous Organisms. For the Nitric Organisms. 

Ammonium chloride, 0*5 grm. Potassium nitrite, 0*3 grin. 

Potassium phosphate, 0*1 grm. Potassium phosphate. 0*1 grm. 

Magnesium sulphate, 0*02 grm. Magnesium sulphate, 0*05 grm. 

Calcium chloride, 0*01 grm. Calcium carbonate, 5 grm. 

Calcium carbonate, 5 grm. Distilled water, 1,000 e.o. 

Distilled water, 1,000 c c. 

These are seeded with traces of earth, and by carrying on the 
cultivation for many generations a large number of organisms are 
eliminated. This method does not lead to a pure cultivation, for 
several forms besides the nitrifying organisms persistently main- 
tain themselves m these mineral solutions. 

Frankland, and later Warington (1890), succeeded in isolating 
nitrous organisms by the dilution method. Nitrifying solutions 
were diluted, and traces inoculated into ammoniacal solutions ; in 
some of these nitrification occurred, although no growth could be 
obtained on gelatin, and they were found to contain the nitrous 
organism only. A little later Winogradsky isolated nitrous 
organisms by means of silica jelly plates. 

This is carried out as follows : Sodium carbonate is fused in the 
blowpipe, and fine whit© sand is added so long as eliervescence is 
produced. The mass is allowed to cool, and is then dissolved in 
water. The solution is poured into an excess of very dilute 
hydrochloric acid (silicic acid and sodium chloride being formed). 
The solution is dialysed and sterilised. For use, some of this is 
placed in a sterile dish and is mixed with the following solution and 
inoculated : 

Ammonium sulphate . . .0*4- grin. 

Magnesium sulphate . . .05,, 

Di -potassium hydrogen phosphate . 0*1 ,, 

Calcium chloride .... trace 
Sodium carbonate .... 0*6-0 *9 grm. 

Water ...... 100 c,c. 

This mixture sets to a jelly m five to fifteen minutes. 

Winogradsky has also made use of agar for plates, but this 
medium is not so suitable as the silica jelly. A 2 per cent, aqueous 
agar is prepared and poured into Petri dishes ; the film is then 
sown with Proteus, and allowed to grow for seven to ten days. It 
is then thoroughly washed, collected, boiled, and mixed with the 
salts mentioned above. The object of growing the Proteus upon 
it as a preliminary is to eliminate the organic matter admixed 
with the agar. 
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Besides the derivation of nitrogen from nitrogenous com- 
pounds, the free atmospheric nitrogen is also “ fixed 55 through 
the agency of certain micro-organisms and rendered available 
for plant life. 

Thus, the Leguminosae are able to obtain their nitrogen 
directly from the nitrogen of the air. If the roots of a pea, 
bean, or vetch be examined, numerous little nodules will be 
found upon them ; these contain minute irregular and Y-shaped 
bodies, which have been termed cc bacteroids,” and seem to be 
of the nature of involution forms. On inoculation into suitable 
culture media * the bacteroids give rise to a growth of a motile 
bacillus known as Pseudomonas rad'icicola ; this “fixes” the 
atmospheric nitrogen. The organisms penetrate the young 
roots through the root-hairs, multiply and form a filamentous 
zoogloea, which grows into the tissue of the root and penetrates 
the cells. Large amounts of nitrogen are taken up by the 
bacteroids and are converted into nitrogenous compounds 
which can be assimilated by the plant. Leguminous plants 
grown from sterile seeds in a sterile soil dwindle and die, hurt 
if inoculated with the organisms derived from another plant 
of the same species growth becomes vigorous ; if inoculated 
with those derived from another species growth still takes 
place, but not nearly to the same extent. The Leguminosae 
thus store up one of the most important elements of plant 
food, and hence their value in the rotation of crops. There is 
apparently no increase of nitrogen compounds in the soil, the 
excess found being due to the root residues remaining. 
Bacterial nodules having a similar function have also been met 
with in the leaves of a few plants, e g Rubus . Besides the 
leguminous organisms, other bacteria are present in the 
surface layers of the soil which fix atmospheric nitrogen. The 
principal of these are ovoid organisms known as Azotobacter. 
This group can be cultivated in a manmte medium, e g ., 
di-potassium phosphate 0*2 grm., manmte 20 grm., water 
1 litre. This may be used for isolation by converting into an 
agar medium by the addition of 2 per cent agar. Attempts' 
have been made to manufacture powders containing cultures 
of various nitrogen-fixing organisms for use as fertilisers 
(Nobbe, Moore, and Bottomley). 

It has been found that partial sterilisation of the soil, e.g ., 

* Such as wood-ashes maltose agar. Boil 8 grm. of wood-ashes with 
500 c.c. of water for one minute ; filter To 400 c.o. of this extract add 
i grm maltose and 4 grm. agar. Boil until dissolved ; filter, tube, and 
sterilise. 
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by heat, increases its fertility, whereas it might have been 
supposed that such a procedure would decrease the fertility by 
destruction of nitrogen-fixers. Russell and Hutchinson sug- 
gest that in ordinary soil amoeba) and other protozoa devour 
and keep down the bacteria ; by the sterilisation the protozoa 
are destroyed and the more resistant bacteria are then free to 
develop. Greig- Smith,* however, denies that phagocytic 
protozoa possess any power of limiting the number of bacteria 
in the soil, and ascribes the effect of soil sterilisation to an 
action on the bacterio-toxins and nutrients of the soil. 

Besides nitrifying bacteria many de-nitrifying organisms 
occur in the soil. They may (1) reduce nitrates to nitrites ; 
(2) remove oxygen from nitrates and nitrites and form am- 
monia ; (3) form nitrous and nitric oxides or nitrogen from 
nitrates and nitrites. 

Fermentation. — Another important group of changes pro- 
duced by micro-organisms is that comprised under the com- 
prehensive title of 46 fermentation,” of which it is difficult to 
give an accurate definition, for the distinction between it and 
other chemical changes due to the activity of micro-organisms 
is conventional rather than scientific. The original conception 
of the term involved the occurrence of frothing of the ferment- 
ing liquid, owing to the escape of gaseous products. 

The term tc fermentation 53 is now reserved for the changes 
brought about by living organisms, while the changes pro- 
duced by enzymes (formerly also known as fermentation) is 
termed enzyme-action or £C zymolysis 33 As fermentations are 
investigated more critically, the tendency is to find that they 
are brought about by enzymes, extra -cellular or intra-cellular, 
produced by the micro-organisms. 

The following are the chief varieties of fermentation : 

The Alcoholic Fermentation . — This is mainly brought about 
by the decomposition by yeasts of sugars of the hexose group 
(C 6 H 12 0 6 ), principally dextrose and Isevulose, into alcohol and 
carbonic acid, but some of the bacteria and moulds also pro- 
duce appreciable quantities of alcohol. Other carbohydrates 
by the action of enzymes secreted by the organisms may be 
converted into hexoses, which are then fermented. The 
general reaction is as follows : 

C 6 H ia O e = 2C 2 H e O + 2CO a . 

As a matter of fact small amounts of by-products appear in 
addition to the alcohol and carbonic acid, viz., glycerin, 

* Proc. Linn. Soc N.S.W., xxxvii., 1913, p. 655. 
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succinic acid, and higher alcohols. Until 1897 no enzyme TKfcd, 
been obtained which would carry out this change ; ,it only 
occurred when the living yeast-cells were present, but in that 
year Buchner, by grinding up the living yeast-cells, obtained 
a juice which decomposed dextrose with the formation of 
alcohol and carbonic acid. This “ zymase 55 Buchner claimed 
to be the alcoholic enzyme of yeast. 

The Lactic Acid Fermentation . — This is brought about 
chiefly by bacteria. Hexoses are converted into lactic acid, 
the reaction being 

C 6 H 12 O g = 2(HC 3 H 5 0 3 ), 

but it is probably not actually so simple as this, for carbonic 
acid is given off at the same time. A familiar example of this 
form of fermentation is the souring of milk. Lactose, which is 
a di-saccharide (C 12 H 22 O l:L ), is first split up into two molecules 
of dextrose : 

G 12 H 22 0 1x + H a O = 20 6 H 12 O 6 , 

and the dextrose so formed is then acted upon. 

The Butyric Acid Fermentation .■ — Butyric acid is formed 
from carbohydrates by the action chiefly of anaerobic sponng 
bacilli, the species of which are not certainly determined, some 
by-products being formed in addition. Milk which has been 
just boiled usually undergoes the butyric rather than the 
lactic fermentation, the spores of the butyric organisms sur- 
viving. Lactic acid is first formed, and this is then converted 
into butyric acid : 

2C 3 H 6 0 3 = C 4 H 8 Q 2 + 2C0 2 + 2 H 2 . 

The Acetic Acid Fermentation . — The conversion of alcohol 
into acetic acid is also due to bacteria, familiar examples of 
which are the souring of beer and wine. 

The reaction is : 

C 2 H 6 0 + 0 2 = CH 3 COOH + h 2 o. 

Citric, oxalic and other acid fermentations are also known. 

Bacterial Enzymes. — Many changes brought about by 
bacteria and other micro-organisms are due to enzymes, which 
may be not only intra-cellular, but may escape from the cells 
into the medium in which they are growing. The most 
familiar examples are the peptonising enzymes produced by 
bacteria which liquefy gelatin and digest coagulated protein, 
fibrin, etc. The enzymes differ : an organism which liquefies 
gelatin does not necessarily digest blood-serum. The proteo- 
lytic enzyme is tryptic in nature and escapes from the cells 
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into the surrounding medium, so that the liquefied gelatin tree 
from cells, or m which their action is inhibited by an antiseptic, 
liquefies other gelatin if added to it. Amylolytic enzymes are 
also produced, such as amylase (digesting starch), maltase, 
lactase, inulase, and invert ase. Lipases and rennet-like 
enzymes also occur. “ Fermentation 55 of urea takes place by 
means of an enzyme secreted by the Micrococcus urece , and 
other organisms, with the formation of ammonium carbonate. 
Some organisms are capable of digesting cellulose and they 
may play a part in the digestive tract of the herbivorous 
animals. These enzymes do not seem to possess any poisonous 
action. 

Formation of Pigment. — Numerous organisms, especially 
those of air and water, during their growth produce various 
coloured pigments. They are termed “ chromogenic 'bacteria / 5 
examples of which are the Sarcina luiea and Micrococcus cere, us, 
var. flavus , which form citron-yellow pigments ; the Bacillus 
prodigiosus and Spirillum rubrum , red pigments ; the Bacillus 
violaceus forms a rich violet one ; and the Bacillus pyocyaneus , 
a blue. A large number of chromogenic organisms require 
oxygen for the production of the pigment, and potato is often 
the most favourable culture medium. In some cases the 
medium may become coloured, and the property of fluorescence 
be conferred upon it, as is the case with the Bacillus fiuorescens 
liquefaciens. Usually the pigment is extracellular ; occasion- 
ally, as in B. violaceus , it is intracellular. 

A group of organisms producing purplish pigments has been 
described under the name of “ purple bacteria . 53 It is doubtful 
if these organisms are true bacteria, and the pigment may 
exercise a respiratory function analogous to chlorophyll. 

Phosphorescence , or light-production, is developed by some 
bacteria, notably by many marine forms, and is well seen in 
decomposing fish. Some spirilla are also known to produce 
occasional phosphorescence. 

A necrotic acUon on the tissues is produced by many patho- 
genic organisms. For example, the tubercle and glanders 
bacilli cause necrosis and caseation of the surrounding tissues. 

Gas Production. — This is common to many organisms. The 
gas may consist of carbonic acid, hydrogen, or marsh gas, and 
in some cases of foul-smelling sulphur compounds, sulphuretted 
hydrogen, mercaptans, etc. 

Sulphuretted hydrogen may be detected by the blackening of 
lead acetate paper. Methyl mercaptan may be detected by 
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aspirating a current of air through, the culture, through a calcium 
chloride drying-tube, and then through a test-tube or small flask 
containing isatm dissolved in concentrated sulphuric acid. The 
red colour of the isatm solution is changed to olive- or grass -green 
by the mercaptan. 

Toxic Bacterial Products. — -Many of the metabolic products 
of bacterial activity are toxic, and the disease complex induced 
by an infection is for the most part caused by these toxic 
substances, which may be classified as follows . 

(1) Decomposition Products . — These are substances produced 
by the decomposition of the medium upon which the bacteria 
are growing. Thus proteoses are formed by the anthrax 
bacillus and by the pyogenic cocci. 

The ptomaines form another group of these substances. 
They are nitrogenous bodies mostly solid and crystalline, 
related chemically to the vegetable alkaloids, and formed by 
the action of bacteria on protein and albuminoid matter. 
They are said to occur naturally in decomposing and putre- 
fying carcases, and as many of them are virulent poisons 
they are of considerable practical import. A form of food- 
poisoning, known as ptomaine poisoning , has been described, 
assumed to be due to the ingestion of these poisonous sub- 
stances formed by decomposition of the food, but is of doubtful 
occurrence ; food putrid enough for their formation would 
usually be uneatable. A number of toxic ptomaines were 
isolated by Brieger from cultivations of pathogenic microbes, 
and at one time they were regarded as the specific poisons of 
such organisms. 

Brieger’ s work, however, needs revision, for it is likely that 
some of the ptomaines isolated by him were artifacts and not 
actually formed by the organisms. 

Stevenson obtained traces of a highly poisonous crystalline 
ptomaine from some sardines that had caused death. Vaughan 
isolated a body, tyrotoxicon, apparently identical with chazo- 
benzene, from poisonous cheese and milk. It seems to be 
developed by the action of organisms belonging to the B . coll 
or B. lactis aerogenes types. Mytilotoxin (C 6 H 15 lSr0 2 ) is the 
specific poison of toxic mussels. Such mussels have invariably 
been subjected to sewage pollution, and the poison is probably 
produced by the action of bacteria derived from sewage. 
Neurin and muscarin may occur in decomposing flesh and are 
extremely poisonous. Some of the ptomaines produced by 
putrefaction, being very similar to certain vegetable alkaloids, 
may assume considerable medico-legal importance. Toxic 
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ptomaines may be formed by both pathogenic and non-path o- 
genic organisms. 

(2) Toxins . — These are the soluble poisons elaborated by 
the bacteria and excreted by the cells into the surrounding 
medium. They are regarded by S. Martin and others as being 
allied to the proteoses. Roux and Yersin suggested that the 
diphtheria poison might be an enzyme, while Brieger and 
Frankel regard it as albuminous. The toxins are non-basic 
substances generally regarded as related to the proteins and 
hence have been named tox-albumins ; they are the specific 
poisons of the pathogenic bacteria. Of late, the view has been 
expressed that the toxins may be fatty substances which are 
admixed with protein. It is difficult or impossible to prepare 
the toxins in a state of purity and their chemical constitution 
is therefore unknown, and they are characterised by extreme 
specificity. Such are the poisons of the diphtheria and 
tetanus bacilli. 

(3) Endotoxins . — These are toxic constituents of the 
bacterial cells which do not to any extent escape from the cells. 
They are as specific as the toxins and possess analogous 
properties (see below). 

(4) Bacterial Proteins — These are toxic constituents of the 
bacterial cells which do not diffuse from the cells, are not 
specific, and which probably usually play little part m the 
production of the disease symptoms. 
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Endotoxins. 

The majority of pathogenic micro-organisms do not excrete any 
appreciable amount of toxin ; the toxin remains within the cells. 
To such an mtxa-eellular toxin the name of tfi endotoxin 55 has been 
given. The toxins of the staphylococci and streptococci, the 
typhoid -colon group, organisms of plague, cholera, etc., are endo- 
toxins. Various methods have been employed to prepare these 
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endotoxins, sucli as extraction of the cells by the action of weak 
alkalies and enzymes, and by autolysis or self -digestion. 

The late Dr. Allan Macfadyen conceived that if the intra- 
cellular toxins (endotoxins) of such organisms as the typhoid 
bacillus, cholera vibrio, etc., could be obtained free from the 
bacterial cells, it might be possible to prepare sera (anti -endo toxic 
sera) of much more therapeutic potency than the ordinary anti- 
microbic sera. 

The disintegration of the bacterial cells in the presence of intense 
cold, to prevent chemical change in the bacterial puce obtained, 
was the method devised by Macfadyen to attain this end. With 
the aid of his colleagues, Mr. Rowland and Mr. Barnard, and of his 
laboratory assistants, Messrs. Burgess and Thompson, apparatus 
and methods were evolved to effect this. 

The bacterial mass, obtained by growing on the surface of agar 
or other suitable medium in plate bottles (Fig. 19), is ground m a 
special machine, the essential part of which consists of a metal 
cone revolving at a high speed in a metal pot, the bottom of which 
is shaped so as to fit the cone. The pot with its contents is 
immersed in a vessel of liquid air or other freezing mixture and 
the bacterial mass is ground. 

After grinding, the ground material is made up with distilled 
water or with 0*1 per cent, sodium hydrate so as to form a 10 per 
cent- solution (calculated on the original weight of the moist 
bacterial paste) ; this is centrifuged, and the fluid is filtered 
through a sterile Berkefeld filter. 

The filtrate thus obtained is the endotoxin, and is used to 
immunise horses and other animals m the same maimer as with 
any other toxin ; it should be used as fresh as possible. When 
tests show that the serum has attained the necessary potency, the 
horse is bled and the serum obtained and bottled. 

The endotoxins also possess considerable immunising power, 
and may be used either as prophylactic or as curative vaccines. 

Another machine has been devised by Barnard for disintegrating 
bacterial and other cells, and is depicted in Fig. 1. 

It consists of a phosphor-bronze container with five hardened 
steel balls, b, which accurately fit the vessel. The balls are evenly 
distributed round the vessel by means of a cage, c, which ensures 
that they are equidistant and do not collide one with another. 
The balls are kept in position in contact with the periphery of the 
contaming vessel by a central steel cone, r>. The vessel is closed 
by a screw cap, n, through which the spindle of the -steel cone 
passes and is free to rotate. Over the whole a metal cylinder, r, is 
screwed down, completely sealing the upper opening in the metal 
vessel. In the top of this metal cylinder a steel bearing, g, is 
placed, which is kept down on the top of the steel cone, r>, by the 
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action of a spring. When this metal cylinder is screwed down the 
steel cone, r>, is, therefore, pressed on to the balls, which are in 
their tnrn forced ont to the periphery of the container. The 
apparatus is mounted on a cone, ir, and a centre, i, and is driven 
by an electric motor. 

The grinding action is brought about by retarding the revolu- 
tion of the central cone, x>, so that a drag is exerted on the balls, 
and they slide to some extent over the inner surface of the con- 
tainer. This is effected by mounting on the spindle of the central 
steel cone, r>, a semi -cylindrical mass of iron or lead, K, the weight 
of which must be sufficient to hold the central cone stationary 
when the container is rotated. 

Another form of mill which can be employed for the disintegra- 
tion of bacterial cells, as in the preparation of tuberculin, k, 
consists of a porcelain pot containing porcelain balls. The pot, 
which is closed with a screw -down lid, is mounted on a spindle 
driven by an electric or other motor. By maintaining a speed 
of 70—80 revolutions a minute for hours or days, the bacterial 
cells are eventually disintegrated by the continual rolling and 
collisions of the porcelain balls. 

See Hewdett’s Serum Therapy, 1910 ; Hewlett, Proc . Hoy. Soc . , 
b, 1909 and 1911 ; Proc . Hoy. Soc. Med , vol. in, 1909-10 (Patho- 
logical Section), p. 165 ; Barnard and Hewlett, Proc. Poy. Soc. 9 
b , 1911 
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LABORATORY EQUIPMENT— ISOLATE )N AND (T T I/I l VAT I ON 
OF ORGANISMS. 

In respect of glass-ware, tubing, burners and blow-pipe, and 
some of the commoner reagents such as acids and alkalis, 
alcohol and ether, the equipment of the bacteriological labora- 
tory differs little from that of the chemical laboratory. In 
addition, some of the equipment of the biological laboratory 
is also required, e.g., microscope, dissecting instruments and 
injection syringes, specimen pots and jars, as well as some 
special pieces of apparatus. 

Air-pump. — An exhaust pump is useful for many purposes, 
such as evaporating to dryness in vacuo , filtration through 
porous porcelain filters, etc. Any form will serve, but of the 
more elaborate ones the Pleuss pump (Fig. 2, p. 37) made by 
the Pulsometer Engineering Company is one of the best. In 
using it care must be taken that no fluid or moisture gains 
access to the barrel ; to avoid this the connecting pipe may 
be intercepted with a vessel containing strong sulphuric acid 
(D, Fig 2), over the surface of which the exhausted air has to 
pass. A double-necked Woulfe’s bottle is suitable for this, 
the inlet and outlet tubes extending nearly down to, but not 
dipping below, the surface of the sulphuric acid. 

For greasing the vessels, etc., to make air-tight joints, 
beeswax dissolved in the Fleuss pump oil with the aid of heat 
to a stiff paste is a good composition, or the resin ointment of 
the Pharmacopoeia may be used. Another good grease is 
made by melting together one part of black rubber, one part 
of vaseline, and one-third part of paraffin wax. 

Centrifuge. — A small centrifuge holding two ox four 10 c.c. 
tubes is a necessity in the laboratory. A form driven by hand 
may be used, but one driven by water or electricity is almost 
essential. If milk is examined, a centrifuge driven by power 
and containing two or more tubes having a capacity of not less 
than 50 c.c. each is required. It is essential to balance care- 
fully the opposite tubes in the centrifuge, otherwise much 
vibration ensues which interferes with complete sedimentation 
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and is very detrimental to the machine. The minimum speed 
should be not less than 3,000 revolutions per minute. The 
starting should be gradual, more and more power being 
4C turned on ” as the machine acquires velocity. Many forms 
of centrifuges are obtainable. 

Bell-jars with ground rims and one or two tubules are 
useful for evaporation in vacuo. They should stand on a square 
of thick ground glass. Thick rubber pressure tubing must be 
used for connections, and all joints should be well greased. A 
mercurial gauge is a useful addition to show the amount of 
exhaust and the occurrence of leakage. The ordinary glass 
filter pumps used in chemical work and actuated by a stream 
of water are also useful for many purposes. 

Porous Filter Candles. — These are used to remove visible 
organisms from liquids by filtration. The Pasteur-Chamber- 



Fig 2 — Fleuss exhaust pump, arranged for filtration. 


land, Doulton, or Berkefeld are generally used ; they may be 
obtained of different grades of porosity. The Berkefeld is the 
coarsest and should be used for thick fluids such as serum. 
All liquids should be first filtered through paper, cotton wool 
or muslin, otherwise the pores of the filter candle soon become 
blocked. A certain amount of pressure is required for filtra- 
tion which is usually obtained by suction. The candle may be 
contained in a special cylinder which is attached to a filter 
flask with a rubber cork and suction applied by a filter or 
other pump. Another arrangement is shown in Fig. 2. The 
liquid is contained in the cylinder A and the filter candle B is 
immersed in it and is attached to the filter flask C, the lateral 
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branch, of which is connected with the exhaust pump. The 
candle and filtering flask may be sterilised in the steamer. 
Before and after use the candle should be well scrubbed and 
some water or d per cent, carbolic run through to clean it. 

Flasks, Beakers, and Test-tubes. — A good supply of these of 
various sizes is required * Erlenmeyer and ordinary shapes, 
tall and short forms of beakers, etc. A few yeast flasks 55 
are also useful (see Fig 17, p 67). Enamelled iron ware, jugs, 
saucepans, mugs, etc., may replace glass for many purposes. 

The most useful size of test-tube is 5 in. X | m. , a few of 
larger size and ££ boiling tubes 55 should also be stocked. 

Platinum Needles (Fig. 3). — Two or three platinum needles 
are required. They consist of about 2 in. of platinum wire 
sealed into a piece of glass rod to form a handle. Two thick- 
nesses of platinum wire are desirable, viz. 04. mm. (27-30 
B.W.G.) for most purposes, and a thicker wire of about 
0*7 mm. where stiffness is required. 

Metal holders with screw sockets for the wires are also 
% 


•o 


Pig. 3. — Platinum needles. 

obtainable and aluminium knitting needles make excellent 
holders if drilled or split to receive the wire and the end then 
fused in the blow-pipe flame. Wire made of nickel or of 
certain steel alloys may be used as a substitute for platinum 

Forceps, Needles, etc. — Several forceps are necessary, the 
ordinary dissecting form in two or three sizes, one or two pairs 
of fine pointed, and two or three pairs of the cc Cornet ” 
pattern. A few straight surgical needles, flat and triangular, 
in various sizes are useful. 

Glass Pipettes and Capillary Tubes. — These are useful for 
preserving or storing blood or pus, etc., for examination, for 
sterile water in making film specimens, and for many other 
purposes. For cutting glass tubing a glass-cutting knife is 
best, or a fine file may be used.* A blowpipe worked by a foot 
bellows is desirable for making pipettes, etc., though much 
can be done with a Bunsen burner ; and if this be provided 
with a by-pass so much the better, as the small white flame is 
useful for some purposes. For bending glass tubing a bats- 

* For the manipulation of glass, etc., see Technique of the Teat and Capillary 
Class Tube . A. F. Wright. (Constable & Co., 19X2.) 
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wing gas burner is to be preferred. To make a pipette or 
capillary tubing a piece of glass tubing is beated m the blow- 
pipe flame until quite soft ; it is then taken out of the flame and 
the two ends are pulled steadily apart ; the softer the glass 
and the more quickly and the further it is drawn apart, the 
finer will be the capillary. By cutting in half, two Wright’s 
pipettes are formed (see Fig. 34). Tubes used for vaccine 
lymph and Wright’s capsules (see Fig. 34, d ), are also useful. 

Graduated Measures, etc. — A few graduated cylinders of 
10 c.c., 25 c c., 100 c.c., 500 c.c., and 1,000 c.e. capacity are 
necessary. For making standard solutions and the solutions 


Diameter in mm. 

Gauge Number. 

Drops per c.c 

Cub mm per 
drop 

Stubbs 

Morse 

0 40(5 

77 

78 

112*9 

S 86 

0 457 

76 

77 

101 0 

9 9 

0 SOS 

75 

76 

90 0 

11 1 

0 610 

72 

73 

80 0 

12 5 

0 660 

71 

71 

73 0 

13 7 

0 787 

67 

68 

59 6 

16 78 

0 813 

66 

67 

57 7 

17 33 

! 0 838 

65 

66 

56 6 

17 67 

i 0*889 

64 

65 

54 6 

18 32 

0 914 

63 

64 1 

53 7 

IS 62 

0 940 

62 

63 

52 9 

18 94 

0 965 

61 

62 

52 0 

19 23 

0 991 

60 

61 

51 2 

19 53 

3 016 

59 

60 

50 4 

19 84 

1 041 

58 

59 

49 7 

20 12 

1 067 

57 

58 

49 0 

20 41 

1 397 

54 

L _ _ 

54 

40 0 

25 0 


of disinfectants for determinations of the carbolic coefficient, 
some graduated stoppered flasks are necessary , the usual 
sizes are 100 c.c., 500 c.c., and 1,000 c c. Graduated pipettes 
of various forms are also required, e.g ., 1 c.c., 2 c.c., 2-5 c c., 
3 c.c. and 5 c.c., bulbous for carbolic coefficient determinations, 
1 c.c. straight pipettes divided into hundredths for water 
examination, and. 5 c.c., 10 c.c., and 50 c.c. with central bulb 
for ordinary measurements. One or two 25 c.c., and 50 c.c. 
burettes are required for the standardisation of culture media. 

The ordinary 1 c.c. pipettes graduated in hundredths will 
not measure with any accuracy quantities smaller than 
0*05 c.c. Finer pipettes — 0*1 c.c. divided into tenths — can be 
obtained by which approximately 0*01 c.c. may be delivered. 



40 


A MANUAL OF BACTERIOLOGY 


For the measurement of quantities less than 0*1 c.c., however, 
the most practicable and accurate method is the drop method 
elaborated by Donald.* While the method is more suitable 
for arbitrary volumes it may also be used for definite measured 
volumes. The volume of a drop depends upon three principal 
factors : the external diameter of the dropping point, the 
surface tension of the liquid, and the temperature of the liquid : 
if measurements are done at room temperature, the last-named 
may be neglected. Pipettes drawn out of glass tubing are 
employed (see Figs. 4 and 34). A pipette is calibrated by 
gently pushing it into the suitable hole of a wire gauge until 
arrested : it is then cut above and flush with the steel plate 
with a glass-cutting knife. The end of the pipette will now 
have an external diameter corresponding with that of the hole 
of the wire gauge. A wire gauge is a steel plate pierced with 
standard holes which are numbered. Various wire-gauges are 
on the market, e.g the Stubbs Lancashire, the Morse, and the 
Birmingham. The table (see p. 39) from Donald’s papers 
gives some of the data for the Stubbs and Morse gauges (temp 
= about 20° C.) * The dropping should be done with the 
pipette held nearly vertical and the drops should fall at a rate 
of about one per second. The point of the pipette should be 
untouched with the finger : it must be absolutely clean and 
free from grease. Donald has estimated the following factors 
for some liquids, the surface tensions of which vary . 


W ater 

1*0 

Peptone broth . 

1*2 

Saline 

1*0 

Standard agglutmable 


Serum, human . 

1*1 

typhoid culture 

1*0 

Serum, guinea-pig 

1 06 

Alcoholic antigens 

2*5 

Cerebro -spinal fluid . 

1 02 



This means, for example, that 6 drops of peptone broth 
measure the same volume as 5 drops of water or saline, from 
the same diameter pipette. For steady dropping the pipette 
should be furnished with a rubber teat and may be tC throttled ” 
as described below. 

For the measurement of any number of equal volumes a 
pipette calibrated by Wright’s method may be employed. 
Clean mercury (see Appendix) is sucked into the pipette so as 
to fill any convenient volume. A mark is then made on the 
pipette with grease pencil at the upper limit of the mercury 
column ; this forms the ec unit volume.” By carefully tilting 
the pipette and regulating the flow with the finger placed on 

* Lancet, 1915, vol. ii., p. 1243, and 1916, vol. ii.. n 423. 
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the point, the lower end of the mercury column is adjusted to 
correspond with the first mark. The limit of the upper end of 
the mercury column is again marked, giving a second volume, 
and by repeating the process the stem of the pipette may be 
graduated into any number of equal volumes (Fig. 4). With 
such a pipette it is not easy without considerable practice to 
regulate the flow of the contained fluid with a rubber teat. 
By adopting the method of 44 throttling,’’ however, any degree 
of control may be obtained. In order to throttle, a short 
length of glass tubing is taken of a diameter small enough to 
slip into the end of the undrawn extremity of the pipette. 
This piece of tubing is then drawn out in the flame and cut off. 
The fine extremity is then again drawn out in a by-pass flame 
and cut off so as to get a short length of very fine bore. This 
piece is then sealed into the pipette by means of sealing-wax 




I<icj 4 “ Throttled 51 pipette The upper figure shows the fine point 

of the 65 throttle ” 

Fig. 4 shows such a throttled pipette and explains its con- 
struction. 

A less fragile ££ throttle ” may be made as follows : After 
the glass tubing has been drawn out and cut off, the small 
aperture of the throttle piece is gradually reduced m size by 
careful heating in a small flame until only the merest pore 
remains. A little practice is necessary in order to obtain just 
the right throttle 

The pipette is used with a rubber teat as shown in the figure. 
In using, care must be taken to avoid wetting the fine point of 
the throttle, for this prevents it from acting. Moisture may 
be got rid of by sucking up ether or alcohol. 

By using a measured volume of mercury, the graduation 
may be made to correspond to a definite volume. For instance, 
for Wassermann work the author uses as unit volume 20 cub! 
mm., which is obtained by measuring out mercury with a 
haemoglo binometer pipette, the volume of which is 20 cub. mm. 
One cubic centimetre of mercury weighs 13*5 grm. ; any 
volume may therefore be obtained by weighing . 

For marking these pipettes grease-pencil or ink may be 
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employed. To render the mark more stable it should be 
passed through the Bunsen dame. Blue-black ink heated 
nearly to the softening point of, the glass gives the most stable 
marking. 

India-rubber Caps. — A few mdia-rubber caps for capping 
test-tube or flask cultures axe required. They retard evapora- 
tion and the desiccation of the medium, and prevent the en- 
trance of moulds. Tor use they should be soaked in 1-500 
corrosive sublimate solution ; they should not be kepi m the 
solution, as vulcanised rubber absorbs mercuric chloride 
(Glenny and Walpole). Tinfoil, gutta-percha tissue (sealed 
down by warming), paraffin wax, sealing wax, or plasticine 
may also be used to cover the tops of tubes and flasks. 

The Cultivation and Isolation of Organisms. 

It is necessary for the satisfactory study of micro-organisms 
in their relation to the various processes of infection and 
disease, of fermentation, putrefaction, and the like, to separate 
and isolate the different species occurring in a mixture, and, 
having done so, to grow and cultivate each species on suitable 
soils or culture media through successive generations. Unless 
we work with pure cultures — that is, cultures consisting of a 
single species — we can never be sure that a particular result is 
due to a given organism ; in a mixture several or all of the 
forms present may conduce to the effect produced. With 
regard to the pathogenic organisms, or disease germs, certain 
conditions, which have been termed <c Koch’s Postulates ” 
(p. 133), should be complied with before the relation of an 
organism to a disease process can be said to be completely 
demonstrated, one of which is that cc the organism must be 
isolated and cultivated outside the animal body on suitable 
media for successive generations.” 

In order to isolate organisms in a state of purity the vessels, 
instruments, and culture media must be sterile, that is, free 
from any living organisms, and the entrance of organisms from 
without must be prevented and contamination avoided. In 
order to sterilise vessels, instruments and culture media, heat 
is generally employed, though for fluid culture media, such as 
blood-serum, which might be damaged by heating, filtration 
through porous porcelain filters may be used. 

Various apparatus are needed for sterilisation of vessels, etc., 
and for the preparation of sterile culture media by heat. 
These will now be described. 
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Hot-air Steriliser (Fig. 5). — This is a rectangular box of 
sheet iron or copper with double walls, having an aif-space ot 
nearly an inch between them, and furnished with a door. The 
joints should be brazed, riveted, or folded, not soldered. The 
outer skin at the bottom should have a large hole cut in it in 
which a loose piece of sheet iron or copper should be inserted 
to protect the inner skin ‘from oxidation, and this may be 
renewed as it 4 4 burns 55 away. The top is perforated with a 
couple of holes, through one of which a chemical thermometer, 



Fm 5. Hot-air steriliser. I^xc 6 —Steam steriliser. 


registering to 200° C., is inserted m a cork, while through the 
other some form of mercurial regulator can be introduced if 
required, but is not usually needed In the hot-air steriliser 
all thin- glass vessels and cotton- wool are sterilised by heating 
to a temperature of about 150° C. by means of a Bunsen or a 
small ring burner under the steriliser, which is supported on a 
suitable iron stand. If the steriliser is placed on a table or 
other wooden support, a piece of sheet asbestos or uralite 
should be laid over the wood to protect it from the heat. 

Steam Steriliser (Fig. 6) —This consists of a cylindrical or 
rectangular vessel of galvanised iron, or copper, covered on the 
outside with a layer of felt or asbestos, having a perforated 
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shelf supported four inches above the bottom, and provided 
with a movable lid. Water is placed below the shelf and is 
boiled by means of a Bunsen or ring burner. The culture 
media or apparatus stand on the shelf above the water, and are 
sterilised by the steam at 100° C. which fills this space. 
Culture media and thick glass apparatus are sterilised in the 
steam steriliser, which is also known as Koch’s steriliser. 

Autoclave (Fig. 7). — This is useful, but it is expensive and 
not a necessity, as the steam steriliser, with the expenditure 
of a little more time and trouble, will serve almost every 

purpose for which the autoclave 
is employed. It consists of a 
strong boiler of brass or gun- 
metal with a removable lid, 
which is attached to the boiler 
by means of hinged bolts with 
nuts. The lid is provided with 
a safety valve, a gauge for 
indicating the pressure and tem- 
perature, and a stopcock to 
relieve the pressure if required. 
A small quantity of water is 
placed in the bottom, and the 
media or apparatus to be steri- 
lised having been introduced, the 
lid is screwed down. It is heated 
by means of one or more Bunsen 
burners, which are turned down 
when the required temperature 
has been reached. The tempera- 
Fig. 7. — Autoclave. ture usually employed is about 

115° to 125° C. While the tem- 
perature is rising, the stopcock should always be left open 
until steam is being freely generated so that the air may be 
expelled. Care should be taken that the vessels are not too 
full of media, and that the autoclave is allowed to cool down 
below 100° C. before opening the stopcock, or some of the 
contents may be lost by violent ebullition. 

Preparation op Sterile Test-tubes, Peases, etc. 

To Sterilise Cotton-wool. — Non-absorbent cotton-wool, best 

°? ^ ualit ^ is ^ sed for Pegging purposes. The wool 

should be pulled apart so as to assist the penetration of heat . 
m the compressed condition the interior is difficult to sterilise’ 
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The loosened wool is^pla^id in the hot-air steriliser and the 
temperature is to 145° C. and maintained at this 

for at least an hourf^Albbve 150° C. cotton-wool becomes 
brown and brittle. It is a common practice to use various 
coloured wools for the different culture media, especially the 
carbohydrate ones, so that they are readily distinguishable by 
the eye. The coloured wools may be purchased, or the ordinary 
white wool may be dyed with household dyes. 

Glass Vessels. — The vessels (usually test-tubes, flasks, and 
dishes) are thoroughly washed and rinsed in water, then rinsed 
with 25 per cent, hydrochloric acid, and afterwards washed 
well with tap -water and drained. A final rinse with distilled 
water or alcohol is an advantage, as no deposit then occurs on 
drying. The cleansed vessels should be dried before sterilising, 
either in the air or by placing in the hot-air steriliser for half 
an hour. When dry, the vessels are plugged with a firm plug 
of the sterilised cotton- wool, and are placed in the hot-air 
steriliser, the temperature of which is then raised to about 
150° C. They should remain at this temperature for not less 
than half an hour, after which the steriliser and its contents 
are allowed to cool slowly. 

Petri dishes for plate cultures, graduated pipettes, etc., are 
cleaned in the same manner They may be sterilised and kept 
in sheet-iron or copper boxes of appropriate size and shape, or 
may be wrapped in paper and sterilised. 

If tubes, flasks, pipettes, etc., are required in a hurry they 
may be rapidly sterilised as follows . After washing m water 
they are rinsed with 5 per cent, carbolic, then with absolute 
alcohol, and finally with ether, and are then well flamed over 
a Bunsen flame, being held in a suitable forceps or holder. 
The ether evaporates and burns at the mouth, and when dry, 
a pledget of cotton- wool is held in the forceps and singed in the 
flame, and, while burning, the tube or flask is plugged with it. 

When thick glass vessels, such as measures, etc., have to be 
sterilised, it is not safe to do this in the hot-air steriliser unless 
the heating and cooling are carried out very slowly, as they 
are very liable to crack. It is preferable, after cleaning and 
plugging with sterile wool, to steam in the steam steriliser or 
the autoclave, the heating and cooling being conducted 
slowly. 

Culture Media. 

Culture media are employed (a) for the isolation of micro- 
organisms from the medium in which they are naturally present 
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and fox their subsequent cultivation in the laboratory, and (6) for 
the identification of the organisms so isolated and cultivated. 

The preparation of the culture media in common use is 
described below, but that of certain special media will be 
mentioned elsewhere as required. The requisite procedures 
comprise {a) preparation of sterilised vessels, (b) preparation 

of the media, (c) neutralisation 
or standardisation of the media, 

(d) filling into the vessels, and 

(e) sterilisation. The preparation 

of sterilised vessels has been 
described above (p. 45). For 

ordinary laboratory cultures test- 
tubes are generally used. Media 
which are solid at ordinary tem- 
peratures, e.g agar, gelatin, and 
coagulated serum, are prepared 
either as deep, upright tubes 
(Fig. 8, a), for which 8—15 c.c. of 
the medium are required for a 
tube, or as sloping tubes (Fig 8, c), 
for which 4-5 c.c. are required for 
a tube. Of fluid media 5-15 c.c. 
are used for a tube. The pre- 
pared media are introduced into 
the test-tubes, etc., through a 
funnel, care being taken to avoid 
soiling the mouths or the wool 

Fig. 8 — Tubes of culture media. plugs may stick. Fluid media 
a Upright agar. b. Potato may be run in from a large burette 
' 1 “' “ f ““ * ™* h * ° £ 
rubber tubing, with a spring clip, 
attached to the stem. The filled tubes are then sterilised in 
the steam steriliser (p. 43) by steaming for twenty to thirty 
minutes on two or three successive days, or in the autoclave 
(p. 44) by heating to 115°— 125° C. for half an hour on one 
occasion. Culture media may also be kept in bulk in flasks, 
bottles or milk-bottles ; these need somewhat longer sterilisa- 
tion than tubes. Some forms of culture media can also be 
purchased ready for use. Certain media can be obtained in 
powder form (Chopping’s) from Messrs. Baird and Tatlock, 
and in tabloid form (Thompson’s) from Messrs. Burroughs and 
Wellcome. These are convenient when small quantities are 
required for occasional use. 
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Adjustment of Reaction. — The reaction of the culture 
medium influences the growth of micro-organisms upon it, and 
some organisms will develop only when the reaction lies 
within narrow limits. To obtain the proper reaction, acid or 
alkali is added to the prepared media to the required amount, 
the process being frequently termed “ neutralisation/' For 
the pathogenic micro-organisms a slightly alkaline medium is 
generally to be preferred, and as most of the media are some- 
what acid when prepared, the addition of a certain amount of 
alkali is required. A rough and ready method of obtaining the 
proper degree of alkalinity is by the addition of a 10—20 per 
cent, solution of caustic soda, a few drops at a time, and well 
mixing. Between each addition a drop of the medium is taken 
with a glass rod and smeared on to both red and blue glazed 
litmus papers. At first the blue paper will be reddened, while 
the red paper will be unchanged, then both papers will be 
changed, the 44 amphoteric reaction. 5 ' Neutralisation should 
be continued beyond this stage by the addition of more alkali, 
until the red paper is well blued and the blue paper is unaltered ; 
the reaction will now be suitable for the growth of a consider- 
able number of organisms. Should a medium as prepared be 
very alkaline, or if an acid medium is required, dilute hydro- 
chloric or lactic acid may be employed for neutralisation. 

In order to obtain more uniformity in, or any desired degree 
of, reaction, titration with standard alkali or acid should be 
employed. Either phenolphthalem, or certain special indi- 
cators are used. By means of the latter the medium may be 
adjusted to a particular hydrogen-ion concentration (pH). 

Adjustment with Phenolphthalein. — This may be most 
simply described m the case of nutrient broth. A 100 c.c. 
porcelain basin is rinsed out with boiling distilled water, 25 c.c. 
of the nutrient broth are introduced into it, and 0*5 c.c. of 
phenolphthalein solution is added (0*5 per cent, phenol- 
phthalein m 50 per cent, alcohol). This is kept boiling, and 
decinormal caustic soda solution * is run in from a 25 c.c. 
burette until a faint pink tinge appears in the boiling fluid. 

/ N \ . 

* By a “ normal ’ * solution l -y J is meant the equivalent weight m grammes 
of a substance dissolved m (i.e , made up to) a litre of water ; a <e deci- 
normal ” solution (5) contains one-tenth of, a deka-normal ten times, this 
amount. A normal solution of caustic soda contains 40 grm. of pure 
NaOH(NaOH — 40), of sulphuric acid 49 grm. of pure H 2 S0 4 ^ = 49^ 

per litre. 
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From the amount of soda solution used the amount of normal 
or deka-normal soda solution required to adjust the reaction of 
a given volume of the broth ( e.g ., a litre) can be calculated. 
But a medium neutral to phenolphthalein is strongly alkaline 
to litmus — too alkaline for the optimum growth of most 
organisms. The reason for this is that the di-sodium hydrogen 
phosphate (Na 2 HP0 4 ) present in the medium is alkaline to 
litmus but not to phenolphthalein. The medium is, therefore, 
left acid to phenolphthalein, the degree of acidity generally 
adopted corresponding to about 15 c.c. of normal hydrochloric 
acid per litre of medium. Even so, the medium is still alkaline 
to litmus. The reaction is designated by the figure corre- 
sponding to the number of cubic centimetres of normal acid 
(or alkali) per litre by which the reaction differs from the 
neutral point to phenolphthalein, preceded by the plus sign 
if acid, by the minus sign if alkaline. Thus a medium +10 
means that the medium is acid to phenolphthalein to the 
extent of 10 c c. of normal acid per litre. If, from the titration, 
a litre of broth required 24 c.c. of normal caustic soda to bring 
it to the neutral point (to phenolphthalein) and if a reaction 
of + 15 be desired, 9 c.c. only of the normal caustic soda are 
added. Or the whole 24 c.c. of caustic soda may be added to 
bring it to neutrality, and then 15 c.c. of normal hydrochloric 
acid are added. Nutrient gelatin and agar are standardised in 
the same manner after preparation, being kept fluid by heating 
during the process. 

Adjustment to a Particular pH Value.* — It is becoming 
customary to adjust the reaction of media to a particular 
hydrogen-ion concentration (pH value). In the previous 
method of titration with phenolphthalein as an indicator, the 
end-point is by no means sharp, and the final reaction arrived 
at depends to some extent on the personal factor. 

According to the ionic theory, acids, bases and salts in 
aqueous solution partially dissociate into atoms or groups of 
atoms carrying an electric charge. These free electrically - 
charged atoms or groups are the “ ions,” Thus, sodium 
chloride in solution may be regarded as being present as NaCl, 
Na and Cl ; sodium hydroxide as NaOH, Na and OH ; sul- 
phuric acid as H 2 S0 4 , H and S0 4 , and so on. Free H-ions are 
acid, free OH-ions are basic, and the real strength of an acid 
depends upon its ionisation — the proportion of free H-ions 
present. For example,' a normal solution of sulphuric acid, 


* See Journ , of Bacteriology , vol. iv., 1919, p. 119. 
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containing 49 grm. of H 2 S0 4 per litre, has many more free 
H-ions than a normal solution of acetic acid, containing 60 grm. 
of HC 2 H 3 0 2 per litre, and is therefore a stronger acid, though 
both require the same amount of standard alkali to neutralise 
them. Hydrogen-ion concentration is therefore a better index 
of acidity (or alkalinity) than power of neutralising alkali (or 
acid). 

Pure water dissociates to a very slight extent into H- and 
OH-ions, and the hydrogen-ion concentration of pure water is 
taken as the neutral point. In pure water the concentration 
of H-ions is 0*0000001 grm. per litre or 1 X 10 ~ 7 . Hydrogen- 
ion concentration, pH, is the quantity of H-ions in gramme 
equivalents per litre ; and is expressed by a figure which is the 
power or exponent of 10 with the negative or minus sign 
omitted. In other words, the pH value or figure is the loga- 
rithm, without the minus sign, of the quantity of H-ions in 
gramme equivalents per litre. Thus, the pH value or figure for 
pure water, i.e ., neutrality, becomes 7*0. Because the negative 
sign is omitted, increasing H-ion concentration corresponds to 
a diminishing pH figure, and vice versa. Thus, for N/10 hydro- 
chloric acid, pH = 1*0 ; and for N/10 sodium hydrate, pH = 
11*3. The hydrogen-ion concentration of culture media 
corresponding to -f- 10 of Eyre’s scale is about 7*5 or 7*6. 
Hydrogen-ion concentration is measured by determining the 
potential difference, the electromotive force set up, between 
the solution and a hydrogen or calomel electrode. This entails 
elaborate apparatus and considerable knowledge of physics, 
and would not be feasible in the ordinary bacteriological 
laboratory. Fortunately, several synthetic indicators have 
been introduced, the ranges of which in pH values have been 
determined in this manner, and which may therefore be 
employed to adjust to the particular pH value required. A 
range of pH values from 1*2 (thymol blue) to 12*0 (tropseohn O) 
is thus available. For bacteriological standardisation, where 
a pH value in the neighbourhood of 7*5 is generally required, 
phenol red is commonly employed. This is yellow in acid 
solution and purplish-pink in alkaline solution, the change in 
colour commencing at pH 6*8 and being completed at pH 8*4, 
thus covering the ordinary value of pH 7*5 or 7*6. 

For the standardisation, a set of standard tubes for com- 
parison is required and is best purchased ready made up. 
The standard tubes are of uniform bore and thickness of walls 
(so-called £C cordite ” tubes are commonly used) and contain 
solutions of known pH values (consisting of mixtures of N/15 

M.B. 4 
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solutions of Na 2 HP0 4 and KH 2 P0 4 in certain proportions) to 
which the indicator has been added ; they possess, therefore, 
definite standard tints of colour for comparison. The com- 
parison is best made in a small apparatus known as a com- 
parator,” consisting of a boxed -in tube rack holding two rows 
of three cordite tubes each, and having a piece of ground glass 
at the back (see Fig. 9), but any double rack will serve. The 
solutions required are phenol red 0-01 per cent, in distilled 
water and N/20 NaOH with indicator. The latter consists of 
500 c.c. N/10 NaOH, 91 c.c. of the phenol red solution, and 
distilled water to 1,000 c.c. The procedure is as follows : 

The reaction of the medium is first adjusted to -f- 10 by 
titration with phenolphthalein as described above (p. 47). 
Supposing a reaction of pH 7-5 is required, standard tubes of 

pH 7-4 and pH 7-6 are placed in posi- 


GKOOHG P/-ATE. 



tions 2 and 6 m the comparator, as it 
is easier to match a tint midway 
between two standard colours. To 
compensate for the colour of the 
medium, tubes containing 5 c.c. of the 
medium are placed in front of the 
standard tubes in positions 1 and 5. 
A tube containing 5 c.c. of the 
medium with 0*5 c.c. of the phenol 


Pig. 9 — Diagram of com- red solution is placed in the com- 
parator for standard!- parator at position 3, having a tube of 

distilled water at position 4 behind 
(to compensate for the thickness of fluids in the pair of tubes). 
With a micro-burette,* measuring to 0*01 c.c., the N/20 


NaOH solution with indicator is then run in carefully until 
the tint produced is midway between the tints of the two 


standard tubes. The average of two titrations should be taken, 


and the amount of N/l NaOH required for the quantity of 
medium to he adjusted can he calculated. 


Fluid media are easily titrated, but agar and gelatin media 
present more difficulty. They may he kept melted during the 
titration, or, in the case of agar media, the medium without 
agar may he titrated and adjusted and the agar added after- 
wards, for agar of good quality produces little alteration in 
reaction. 


* A micro -burette may be extemporised by means of a 1 c.c. graduated 
pipette to the end of which, a piece of glass tubing drawn out to a fine point 
is attached with a piece of rubber tubing, with a pmcb-cock on the rubber 
tubing. 
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Preparation op Individual Culture Media. 

Nutrient broth, nutrient gelatin and nutrient agar-agar are 
the more important culture media for the cultivation of the 
pathogenic micro-organisms, and may also he employed for 
the cultivation of a number of saprophytic forms. They may 
be prepared either from an infusion of meat, usually beef, 
termed acid beef-broth , or with one of the commercial meat 
extracts such as “ Lemco.” A special “ Lab.-Lemco ” can 
now be obtained. 

The constituents composing the medium are weighed out or 
measured and are introduced into a glass flask, a beaker or an 
enamelled iron jug or saucepan. 

Acid Beef -broth. — Constituents : 1,000 c.c. of water, 

preferably distilled ; 500 grin, of finely minced fresh gravy 
beef, free from fat. Heat over a water-bath at 40°— 45° C. for 
twenty minutes with frequent agitation, then boil for ten 
minutes, strain through cotton-wool, and filter through paper. 
Add sufficient water to the filtrate to make up to 1,000 c.c. 

Nutrient Beef-broth. — Constituents : 1,000 c.c. of acid beef- 
broth ; 10 grm. of peptone ; * 5 grm. of sodium chloride. 

Nutrient <l Lemco ’’-broth. — Constituents : Lemco, 10— 
20 grm. ; peptone, 10—20 grm. , sodium chloride, 5—10 grm. ; 
water, preferably distilled, 1,000 c.c. 

In either case, boil over a water-bath or steam in the steam- 
steriliser until the constituents are completely dissolved. Then 
adjust the reaction (p. 47). Again heat over the water-bath 
or in the steamer for half an hour, then filter through two 
thicknesses of coarse filter-paper. The broth should now be 
quite clear and bright, but if it should filter at all cloudy, cool 
to 50° C., add the white of an egg beaten up with the shell, and 
heat for half an hour, filter, tube, or keep in bulk, and sterilise. 
(For the preparation of dextrose-free broth, see p. 23.) 

Trypsin-broth. — When peptone was unprocurable, Douglas 
devised a medium made from meat and trypsin. A fresh 
average-sized bullock’s heart is obtained and freed from fat 
and the large vessels. The meat is then finely minced and 
four litres of water are added (500 grm. of meat to each litre 
of water), the mixture is thoroughly stirred, rendered faintly 
alkaline to litmus, and heated to 70°— 80° C. for five minutes. 
The mixture is cooled to 45° C., 1 per cent, of trypsin solution 

* Witte’s peptone was formerly much used, and is still obtainable. Other 
forms are bactopeptone (Baird and Tatlock), eupepton (Allen and Hanbury), 
Fairchild’s, and the French “ Peptone Ohapoteaut.” 


4 2 
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(i+e. 9 40 c.c. to the 4 litres) is added (Allen and Hanbnry’s 
Liquor Trypsinae Co.), and the whole is kept for two Or 
three hours at 37° G. The mixture is then rendered slightly 
acid with acetic acid, brought to the boil (whereby unaltered 
albumin, etc., is precipitated) and strained through cotton- 
wool or fine muslin. The reaction is adjusted, 0*5 grm. of 
calcium chloride and 10 grm. of sodium chloride are then 
added and the mixture is autoclaved for an hour at 115° 0. 
This procedure precipitates phosphates and the broth should 
now filter clear through paper. 

This broth may also be used for the preparation of agar and 
gelatin. For agar, the agar powder should be added before 
autoclaving ; for gelatin, the gelatin should be added after 
autoclaving. While these media are suitable for many purposes 
in the author’s experience peptone media are to be preferred. 

Veal-broth. — For some purposes veal is preferable to beef, 
e.g., for growing the tubercle bacillus. When obtained, veal 
is frequently powdered with flour ; this should be brushed and 
washed off as completely as possible, as it renders the broth 
turbid and difficult to clarify. Veal-broth is made in precisely 
the same way as nutrient beef -broth. 

Egg Broth.-— Besredka and Jupille * describe the com- 
position of this as follows : 

White of egg (10 per cent, solution) . . 4 parts 

Yolk of egg (10 per cent, solution) . . 1 part 

Yutrient broth . . . . .5 parts 

The egg-white is beaten up with ten times its volume of 
distilled water, filtered through cotton- wool, heated to 100° C., 
and filtered through “ papier Chardin.” The liquid is tubed 
and sterilised at 115° C. for twenty minutes. The yolk is 
beaten up with ten times its volume of distilled water and a 
sufficiency of normal caustic soda solution is added to clarify 
it (about’ 1 c.c. per 100 c.c.). It is then treated as the egg- 
white. The authors recommend the use of L. Martin’s broth 
for this, medium. 

Peptone Water. — Add to distilled or tap water 1 to 2 per 
cent, of peptone and | per cent, of common salt, dissolve by 
heat, make faintly alkaline, steam for one hour and filter. 

For the cholera vibrio it is an advantage to add 1 per cent, 
instead of \ per cent, of common salt (Dunham’s solution). 

Nutrient Gelatin. — This is prepared in precisely the same 
manner as nutrient beef- or Lemco-broth with the addition of 

* Ann. de VInst. Pasteur , xxvii., 1913, p. 1009. 
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100 grm. of the best “ gold label ” gelatin (Coignet’s) per litre. 
After the addition of the egg, steam for an hour and then filter 
through two thicknesses of filter-paper in a hot-water funnel 
(this is best, but it may be done in the steamer at a low tem- 
perature, e.g., 35° C.). Tube, or keep in bulk, and sterilise. 

In hot summer weather 15 or even 20 per cent, of gelatin (150 
grm. or 200 grm. to the litre) are necessary for the product to 
remain solid, as nutrient gelatin melts at a little above 20° C. 
Prolonged boiling diminishes and ultimately destroys the gela- 
tinising power of gelatin, so the less it is heated the better. It 
must not be autoclaved. 

Nutrient Agar-agar. — This is one of our most valuable 
culture media, and has the advantage over nutrient gelatin 
that it remains solid at blood-heat. 

Agar is a carbohydrate substance of high melting-point and 
considerable gelatinising power, obtained from Eastern sea- 
weeds. The powdered form is now generally used It is pre- 
pared in the same manner as nutrient beef- or Lemco-broth 
with the addition of 15 grm. (i.e., per cent.) of powdered 
agar to the litre. Heat over the water-bath or in the steamer 
until dissolved (an hour or more), then adjust the reaction 
(p. 47). Cool to 50° C , add the white of an egg and return to 
the steamer for an hour and a half, then filter through an agar 
filter-paper ( <c papier Chardin 5? ) in a hot- water funnel or m 
the steamer. By this treatment a litre of agar should pass 
through the filter in two to three hours. If it does not come 
through clear, add the white of another egg and repeat the 
process. Agar requires well cooking , otherwise a soft watery 
jelly results. 

If an autoclave is available, a quicker and better method is, 
after neutralising and adding the white of an egg, to place in 
the autoclave with a small beaker inverted over the mouth of 
the flask, and heat to 122° C. (two atmospheres pressure) for 
half an hour. Turn the gas out, and allow to cool without 
opening the stopcock. When cool, open, and filter through 
the special agar filter-paper in a hot-water funnel ; the agar will 
pass through in about ten minutes or a quarter of an hour. 
Tube, or keep in bulk, and sterilise. 

In the case of bar or stick agar, first steep the agar in 1 per 
cent, acetic acid for a quarter of an hour, then drain and wash 
it thoroughly to remove the acid. The further procedure is 
the same as detailed above. This yields a very clear, pale 
product. 
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Glycerin Media. — Glycerin may be added to many media 
after filtration in the proportion of 4-6 per cent. Glycerin 
broth, agar, gelatin and serum are especially used for the 
cultivation of the tubercle bacillus. 

Glucose Media. — One or 2 per cent, of glucose may be added 
to many media after filtration. Glucose broth and agar are 
especially used for the cultivation of anaerobes. 

Beer-wort. — Procure beer-wort (preferably unhopped) from 
the brewery. Allow it to stand in a cool place 
for twelve hours, filter, and then steam for an 
hour and filter again. This medium is not 
neutralised. Wort gelatin may be prepared by 
the addition of 100 grm. of gelatin to the litre 
of wort, dissolving by heat, clarifying and 
filtering. Wort agar is similarly prepared, 
using 40-50 grm. of agar per litre. Neither 
medium is neutralised. 

Wort media are useful for the cultivation of 
yeasts and moulds. 

Milk. — Separated milk is best. The cream 
may be removed from whole milk by centri- 
fuging, or by allowing the milk to stand in a 
tall cylinder overnight in a cool place, prefer- 
ably in an ice safe. The cream is rejected and 
the separated milk is tubed and steamed for 
an hour on two successive days. The milk is 
usually tinged with litmus, forming litmus 
milk , or some other indicator. 

Potatoes. — Sound potatoes are well cleaned. 
The ends axe cut off and cylinders about 3 in. 

^ long are cut out by means of a cork-borer of 
tube^T^tat^ 8 suable size. These cylinders are then divided 
into two wedges by an oblique cut. The wedges 
are placed in a basin under the tap and washed in running water 
for about two hours. This prevents the darkening of the potato 
in the subsequent steaming, as does also the use of a silver 
borer. The potato wedges are placed in the test-tubes and 
sterilised by steaming for three-quarters of an hour on two suc- 
cessive days. To prevent the potato from drying up, a pledget 
of wet wool may be placed at the bottom of the tube, or 
the wedge may be supported on a bit of glass rod with a 
little water below (see Fig. 8 , b), or Roux’s tubes (Fig. 10) 
may be used, the lower bulb being filled with water. 

Blood-serum. — Clean some glass jars of about 1 to 3 litres 
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capacity, plug with, wool, and sterilise in tlie steamer for an 
hour on three successive days. Bleed a horse, with, aseptic 
precautions, and catch, the blood in these sterilised jars. Allow 
the jars to stand in a cool place for twelve hours. Then 
pipette off the clear serum with a sterile pipette, and fill the 
sterilised test-tubes to the depth of 2-4 cm. The tubes are 
then arranged in a sloping position on the shelves of the serum 
mspissator, or failing this in a hot-water oven, the temperature 
of which to commence with should be about 60° C. After two 
or three hours, the temperature is raised to about 70° C., at 
which the serum coagulates in from four to six hours and the 
tubes are now ready for use. It is well, however, to place them 
m the blood-heat incubator for a night, so that any tubes 
showing growth may be rejected. Ox or sheep blood may also 
be used and may be obtained from the slaughter-house ; the 
corpuscles do not separate so well. 

Loffler's blood-serum is prepared by adding one part of 
glucose broth to three parts of the serum before inspissation. 

The serum inspissator is practically an incubator with 
slightly inclined (10—15 degrees) shelves, on which the tubes 
rest, and thus the serum is coagulated m a sloping position. 

Fluid Serum , etc . — Fluid blood-serum, ascitic and hydrocele 
fluids, etc., are sometimes useful, and may be used alone or 
mixed with peptone beef-broth in various proportions. 

Ascitic or hydrocele fluid may be obtained by using sterile 
trocars, etc., and carrying out the tapping with aseptic pre- 
cautions, collecting the fluid in sterilised flasks. It is better 
to collect in several small flasks than m one large one. 

Fluid blood-serum may be obtained by collecting blood with 
aseptic precautions in sterilised flasks. When the blood has 
coagulated and the serum separated, the serum is pipetted off 
with a sterile pipette into sterile flasks. 

The flasks of serum, etc., should be kept in a warm place for 
two or three days to make sure that they are sterile, those in 
which a growth appears being rejected. 

Serum, ascitic fluid, etc., may also be obtained sterile by 
filtering through a sterilised Berkefeld Alter into sterile flasks. 

Serum, ascitic and hydrocele fluids, etc., may be preserved 
in bulk and used as required. The material is collected as 
aseptically as possible, 0*5 per cent, of chloroform is added, 
and the whole is well mixed. The mixture is then placed in a 
well-stoppered bottle and heated for an hour in a water-bath 
at 45° C., with occasional shaking. It may then be stored. 
For use pipette off 50 c.c. of the serum aseptically and place 
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in a sterile 200 c.c. bottle. Heat rapidly to 55° C. and shake 
thoroughly, or, better, place under the receiver of an air-pump, 
partially exhaust, and shake. This procedure removes the 
chloroform.* 

Serum Agar. — This may be prepared by adding sterile 
serum or hydrocele or ascitic fluid, warmed to 45° 0., to sterile 
nutrient agar (2 to 3 per cent, agar) melted and cooled to 45° 0. 
Equal parts of the serum and agar may be mixed, or one part 
of serum to two or three parts of agar is usually sufficient. It 
must not be sterilised. 

Blood Agar. — This may be prepared by smearing the surface 
of the agar in sloping agar-tubes with blood obtained aseptically 
from the finger or from a rabbit. Or blood obtained aseptically 
may be defibrinated by shaking with glass beads or with a coil 
of fine wire, and the defibrinated blood, warmed to 45° C., is 
added to sterile agar liquefied by boiling and cooled to 45° C. 
Hcemoglobin agarmay be prepared by laking defibrinated blood 
by the addition of sterile distilled water and adding to the 
liquid agar as before. Blood agar cannot be sterilised after 
preparation, and the blood therefore must be sterile. 

Noguchi’s Medium. — Eor the cultivation of certain organisms 
which refuse to grow on all the ordinary media, Noguchi makes 
use of serum, serum broth, simple or glucose, agar or gelatin, 
to which is added a piece of rabbit kidney, removed with care- 
ful aseptic precautions. Anaerobic cultivation is generally 
required. 

Alkali Albumen (Lorrain- Smith). — To 100 c.c. of fresh 
serum add 1 to 1*5 c.c. of a 10 per cent, caustic soda solution , 
mix and introduce into test-tubes in the ordinary way. Place 
the test-tubes in the slanting position in the autoclave at 
115° C. for twenty minutes, or m the steamer on three successive 
days. 


Uschmsky’s Fluid. 

Farts. 

Pasteur’s Fluid. 

Farts 

Sodium chloride 

5-7 

Cane sugar 

10 

Calcium chloride 

0*1 

Tartrate of ammonia . 

1 

Magnesium sulphate 

0 2-0*4 

The ash of 1 grm. of yeast 

— 

Di-potassium phosphate . 

2-2-5 

Water 

. 100 

Ammonium lactate 

6-7 



Sodium asparaginate 

3-4 



Glycerine 

30-40 



Water .... 

1,000 




Bsehinsky’s fluid is a solution of known composition without 
protein which can he used for investigating the chemical products 


* For exact details see Fildes, Lancet , 1917, vol. 1 .. n. 492. 
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of bacteria. Pathogenic organisms grow well in it and produce 
their toxins. 

Pasteur’s fluid is a good culture medium for yeasts, etc.* 

Fermentation Media. — Fermentation reactions obtained 
with various fermentable substances, such as sugars, alcohols 
and glucosides, are of considerable value in the differentiation 
of organisms. The changes brought about by growth are an 
acid or an alkaline reaction, or the former changing into the 
latter, or acid formation with gas production. 

The substances chiefly employed for fermentation reactions 
are : — 

Alcohols : Glycerol (glycerin), mannitol, dulcitol, adonitol, 
sorbitol, erythritol (all, except glycerol, frequently written with the 
termination -ite, instead of -itol). 

Sugars. Monosaccharides (incapable of yielding other sugars 
by hydrolysis). Fentoses (C 5 . . .) : Arabinose, xylose, rhamnose. 
Hexoses (C 6 . . .) : Glucose (dextrose), fructose (Iscvulose), 
galactose, mannose. 

Disaccharides (yielding two other sugars by hydrolysis : C 12 . . .) : 
Lactose, maltose, sucrose (saccharose or cane-sugar). 

Trisaccharides (yielding three other sugars by hydrolysis : 
C 18 . . .) : Pafhnose. 

Foly saccharides [(C b H 10 O 5 )„] : Starch, dextrin, mulin. 

Glucosides (yielding glucose on hydrolysis by acid or enzyme) : 
Saliem, amygdalin, comferin, arbutm, gescuhn, iridm, etc. 

Milk may show an acid or an alkaline reaction, or the former 
changing to the latter, with or without curdling, and if curdled, 
the clot may or may not be digested. 

Inosite, a benzene compound, and certain salts of organic acids, 
e.g., citrates, are also used. 

For the detection of fermentation and gas production, 
Durham’s fermentation tubes are very convenient. These are 
test-tubes containing suitable fluid media into which small 
glass tubes closed at the upper end are placed ; the latter 
become filled during the sterilisation. The tubes are inoculated 
and incubated, and if gas-formation occurs some of the gas is 
caught in the little tube (Fig. 11). Einhorn’s saccharimeter 
may also be used (Fig. 12). The tube is filled with the medium, 
sterilised, inoculated, and incubated. Any gas produced 
collects in the closed limb of the tube. When the amount of 
gas ceases to increase, a little strong caustic potash solution 

* Several formulae for synthesised media will be found in the Journal of 
Experimental Medicine , vol. iii., p 666. 
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may be added ; this absorbs the 0O 2 , the residue probably 
being hydrogen, and thus the H : (K) 2 ratio may be determined. 
The most suitable media for fermentation are peptone broth, 
the acid beef-broth for which has been t reated with t Ho colon 
bacillus (see p. 23), 1-2 per cent, peptone wafer, or a medium 
which has been largely used by Houston, (Jordon and others, 
consisting of a 1 per cent, solution of “ Lemeo " in distilled 
water with the addition of peptone 1 per cent., sodium hi- 




Fig. 11. — Durham’s 
fermentation tube. 



Fm. 12. *— HJinhc >rn’n nacehari- 
m ator. 


carbonate 0-1 per cent. ; to either medium l per cent, of 
the fermentable substance is added, and the mixture is tinged 
with litmus, phenol red, or Andrade’s reagent. If a serum 
medium be necessary. Hiss’s serum water (which see) may be 

Agar or gelatin stab or shake cultures may also be used. 
The medium may be a 2 per cent, solution of peptone, con- 
taining 1 per cent, of the fermentible substance, solidified with 
agar or gelatin and coloured with the indicator. Lemeo media 
may also be employed, but not meat ones, as glucose is gene- 
rally present. A meat gelatin is sometimes used to demonstrate 
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glucose fermentation in a shake culture. A cc shake ” culture 
is made by melting a tube of gelatin or agar, inoculating, 
shaking gently to diffuse the organisms, and then allowing the 
jelly to solidify. The organisms growing and fermenting the 
sugar form gas bubbles in the jelly (see Fig. 40). 

Litmus solut%on may be prepared by boiling powdered litmus 
with distilled water so as to make a saturated solution. This is 
filtered and preserved in a flask stoppered with cotton -wool after 
sterilisation m the steam steriliser. Or the special Kubel-Tieman 
litmus solution (without antiseptic) may be purchased. 

JPhenol tied is pink in alkaline, and yellow in acid solution. A 
saturated solution may be prepared, of which a sufficiency to 
tinge the medium is added. 

Andrade's indicator is prepared by adding sodium hydrate 
solution to a 0-5 per cent, solution of acid fuchsin until the colour 
just becomes yellow. One per cent, of this solution is added to 
media. It becomes pink m acid solution. 

The Cultivation and Isolation or Micro-organisms. 

It should be clearly understood that micro-organisms 
cannot usually be identified by their microscopical characters 
alone We can state from a microscopical examination the 
form of an organism, that it is a bacillus or a micrococcus, or a 
sarcina, its size, that it is motile or non-motile, sporing or non- 
sporing, but we cannot as a rule go beyond this. It is necessary 
in most cases to ascertain the characters of the growths of 
organisms on the various culture media before species can be 
identified, and this is the principal reason for having a varied 
assortment of nutrient media. It is likewise necessary for the 
successful cultivation of the disease-producing organisms of 
man and animals to maintain the cultures at a temperature 
approximating to that of the host. For this purpose some 
form of incubator is required. This consists of a box or chamber 
of copper or iron with double walls (Fig. 13), the space between 
which is filled with water, the outside being covered with wood 
or felt, or some other non-conductor. The water between the 
walls is heated by means of a small burner, the gas supply for 
which passes through some form of regulator inserted in the 
water, so that the temperature, indicated by a thermometer 
inserted through a hole in the top, can be kept constant. The 
regulator is usually a mercurial one, such as Page’s or Keichert’s, 
the principle of its action being that as the temperature rises 
the mercury expands and at a certain point cuts off the greater 
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part of the gas supply, only sufficient gas then passing to keep 
the flame of the burner alight-. This point can be varied eit her 
by a sliding tube, in Page's, or by a screw, in Reichert's, so 
that the temperature may be set at- any desired point . In this 
country Hearson’s incubators are now generally employed 
(Fig. 13). In these the regulator consists of a capsule con- 
taining a fluid of a certain boiling-point, which when ebullition 



Fig. 13. — Hearsoii’is incubator. 


takes place, raises a lever and so partially cuts off the gas 
supply. While the Hearson regulator is a very constant one, 
it has the disadvantage that it can only be used For a range of 
temperature of a few degrees unless the capsule be changed. 
The Hearson incubators are heated with gas, oil, or electricity. 
At least one incubator is required, and it is convenient to have 
two or three. If there be only one the regulator should be set 
for a temperature of 37° 0. ; if more, another should be kept 
at about 20° C. The incubator at 37° C, is termed the warm 
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or blood-heat, and that at 20° C. the cool or room, temperature 
one. A warm room or cupboard will serve most of the purposes 
of the cool incubator. A third incubator set for 25° C. is useful 
for fermentation work. For maintaining the cool incubator 
at 20° C. in summer or in a hot climate a form of Hearson 
incubator has been devised in which a stream of cold or iced 
water runs through the jacket. 

A substitute for the large and expensive incubator can 
readily be devised, and with a little adjustment of size and 
distance of the flame, even regulators may be dispensed with. 
A Thermos flask, or a Dewar’s vacuum flask, or the author’s 
Milk Pasteuriser (made by Messrs. Allen and Hanbury) filled 
with water at the proper temperature may be utilised as small 
incubators. 

Gelatin will remain solid only at temperatures below 2 4° C., 
and cannot therefore be placed in the blood-heat incubator 
without becoming for practical purposes a fluid medium. 
Agar, however — and this is one of its most valuable properties 
— does not liquefy below a temperature of 97°— 99° C., though 
when once liquefied it does not set again until the temperature 
has fallen to about 45° C. Gelatin is therefore usually reserved 
for use at low temperatures, while agar, blood-serum, potato, 
and the fluid media can be used indifferently either at low or at 
high temperatures. Agar is often a better cultivating medium 
than gelatin, even at low temperatures, probably because 
it is so much more moist. The growths in fluid media are 
usually of the nature of a general turbidity and are not par- 
ticularly characteristic, but sometimes an organism produces 
a film on the surface which another similar organism does not, 
or the medium remains clear, the growth forming a flocculent 
deposit, thus affording a distinction. Not only do the charac- 
ters of the growths of organisms on media differ more or less, 
but in some instances chemical changes occur in the media 
which afford valuable information in the differentiation of 
species. Thus many organisms exert a peptonising effect on 
gelatin, and render it fluid sooner or later, while others have 
no such action. Milk is coagulated by some organisms, the 
coagulation being brought about in one of two ways, either by 
the production of acids and precipitation of the caseinogen, 
or by the action of a rennet-like ferment with the formation of 
a clot of casein. Most organisms which liquefy gelatin coagulate 
milk, but the converse is not the case. Agar is carbohydrate, 
not albuminoid, in nature^ and only two or three organisms 
are known which liquefy it. In fluid media, such as broth and 
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peptone water, chemical tests can he applied especially for 
indole, which is formed by some organisms hut not by others. 

Method of Inoculating Tubes. The following is the pro- 
cedure by which sub-cultures are prepared from an original 
test-tube or other culture : Tubes of the culture media selected 
are placed in a test-tube rack. Their mouths are then singed 
in the Bunsen flame, and with a forceps, also sterilised by 
heating in the flame, the wool plugs are loosened by a rot atory 
motion, and then partially withdrawn. The mouth of the 
original culture-tube is similarly singed and its plug partially 
withdrawn. A platinum needle is selected and carefully 
straightened. The original tube and the tube to he inoculated 
are then held in the left hand between the thumb ami index 
finger with the palm upwards, the mouths of the tubes pointing 
to the right, and the original tube being the nearer one. The 
platinum needle, held in the right hand nearly vertically, is 
then sterilised by heating to redness in the flame. The plug 
of the original culture is now withdrawn by grasping between 
the ring and little fingers of the right hand, and is held there 
while the platinum needle is carefully introduced into the tube 
without touching the mouth or sides, and a trace of the growth 
is picked up with it, preferably from the margin. To ensure 
that the needle is cool, it may first he touched on t he medium 
where there is no growth. The needle is quickly wit hdrawn 
without touching the sides of the tube amt the plug at once 
replaced. The plug of the sterile tube is now withdrawn m 
the same manner, and the inoculated needle introduced. If a. 
typical surface culture is desired, a single light streak is made 
with the needle from the bottom to the top of the. medium 
without penetrating the surface ; if an abundant growth he 
required for any purpose the whole surface of the medium may 
be rubbed with the needle ; if a stab culture, the needle is 
plunged steadily into the centre of the medium and with- 
drawn ; if a fluid one, the growth removed is rubbed upon 
the side of the tube at the margin of the fluid, and the emulsion 
washed down by tilting the tube. The inoculation having 
been completed, the plug is quickly replaced, and the needle 
is again heated m the flame to destroy the remains of the growth 
upon it ; sterilisation of the needle before and. after use must 
become a habit and must never be omitted . If the original culture 
is a deep stab or a fluid one, a looped platinum needle may 
sometimes he used with advantage. For greater safety the 
plugs, before being replaced, may be singed in the flame, and 
pushed while burning into the tube, and this procedure must 
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always be adopted if the plug be dropped or brushed against 
anything. If the tubes have to be kept for any length of time, 
especially in the blood-heat incubator, each should be capped 
with a rubber cap, tinfoil, or gutta-percha tissue which has 
been soaked in 1—500 corrosive sublimate solution. 

Anaerobic Cultures. — Many organisms will not grow in the 
presence of free oxygen, and various expedients have to be 
adopted to exclude or remove the air. Removal of air with 
an exhaust pump may be employed, but is inconvenient and 
not often used. The simplest method is to make the cultiva- 
tion in a deep stab in glucose-agar or gelatin. Narrow test- 
tubes filled three parts full with the medium are best, and 
immediately before use they should be boiled in water for five 
minutes, and then solidified in cold water. The object of this 
is to soften the medium so that it does not split, as a dry medium 
may, when the needle is plunged into it ; moreover, the needle 
track closes up more readily, and the dissolved oxygen is 
expelled. When the tubes are solid, each is inoculated by a 
single steady puncture down the middle, the wire being 
straight or with a closed loop at the end. After inoculation, 
each tube is carefully heated at the upper border of the 
medium so as to melt this slightly and seal the puncture, and 
a well-fitting rubber cap may be applied while the tube is hot. 
The heating expels a portion of the air, and, with a well-fitting 
cap, creates a negative pressure within the tube, so that the 
residual oxygen is not so readily absorbed, or the tubes may 
be placed m a Buchner or other apparatus (see below). 

When, however, an organism is required to grow anaerobi- 
cally on the surface of the medium, or in a fluid medium, 
some other method must be adopted. 

For fluid cultures Hamilton’s method is the simplest. The 
fluid in the tubes is covered with a layer of olive oil or, better, 
liquid paraffin 1—2 cm. thick, and the tubes are then sterilised. 
The layer of oil prevents the access of air. The only dis- 
advantage is that the inoculation, or the withdrawal of culture, 
must usually be performed with a sterile glass pipette ; if a 
wire needle be used the material is liable to be detached in 
passing through the oil. 

Buchner’s method is that usually adopted, and consists in 
absorbing the oxygen by means of alkali and pyrogallic acid, 
and so cultivating in an atmosphere of nitrogen. This can be 
carried out in two ways — either in a wide-mouthed bottle with 
well-fitting glass stopper, sufficiently large to contain the test- 
tubes, or in a Buchner’s tube. For the first the inoculated 
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culture tubes are placed in the bottle, into which a few cubic 
centimetres of a strong aqueous solution of pyrogallie acid 
have previously been poured. By means of a thistle tunnel, 
an equal volume of 20 per cent, caustic potash* or soda 
solution is then added. As quickly as possible the thistle 
funnel is withdrawn without mixing the solutions, and the 
stopper, well vaselined, inserted and twisted well home, and 
some melted paraffin may lie poured all round the joint and 
melted in with a hot iron. The 1 solutions in 
the bottle are now well mixed, and the whole 
is placed in a suitable incubator. The glass 
jars used for bottling fruit may be employed 
instead of a stoppered bottle. The Buchner’s 
tube (Fig. M) is convenient for single test- 
tube cultures. It- consists of a. strong glass 
test-tube, large enough to take an ordinary 
test-tube, and having a constriction about, 
an inch and a half from the bottom The 
constriction supports the test-tube culture, 
while the mixture of pyrogallie acid and 
caustic potash tills the portion below the 
constriction. A well fitting rubber cork 
closes the mouth of the tube, and tin* joint 
may be paraffined for additional security. 
If a Buchner’s tube is not available, the 
cotton-wool plug of the cult ure tube may be 
pushed into the tube for an inch . some 
solid pyrogallol is placed on the. wool plug; 
this is just moistened with caustic potash 
solution and the tube is stoppered with a 
Fid 14 — Buchner^ rubber cork or cap. 
tube arranged for Bulloch’s apparatus is a bell- jar with 
vation. C ° u 11 ’ tubules, through which hydrogen may be 
passed and a capsule containing alkaline 
pyrogallol may be placed at the bottom. It is largo enough 
to take Petri dishes or small flasks. 

McIntosh and Fildes *j* recommend the use of palladium 
black. Asbestos wool, 0*25 grin., is soaked in 1*5 c.e. of a 

* Thirty-two grin. of pyrogallie acrid and 04 grm. of caustic* |H»tawh dis- 
solved in 100 c.c of water will absorb 9,200 e.u. of oxygen. At the same 
time some carbon monoxide is evolved (122*5 c.e.). The evolution of OO 
is a minimum when the potash is m excess and only ono-ftf th of the theoretical 
absorbable amount of O is absorbed, 
t Lancet , April 8, 19X6. 
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10 per cent, aqueous solution of palladium chloride, rendered 
soluble by the addition of a little strong hydrochloric acid to 
the water. The wool is moulded with a glass rod into a flat 
pad 1 in. square and dried. The wool pad is then well smoked 
in a smoky gas flame and heated in a blowpipe flame to reduce 
the palladium. The prepared wool pad is enclosed in fine brass 
wire gauze which is clipped in a bracket made of thin sheet 
brass so that it can be suspended from the cork or lid of the 
apparatus. A glass bottle or a tin. with lever top may be used, 
and the cork or lid is provided with a tap through which 



Jfia 15 — McIntosh anti Filde.s’ apparatus tor anaerobic* cultivation. 

hydrogen is passed into the apparatus. Before use the asbestos 
is heated in the Bunsen flame and immediately placed in 
position in the tin or bottle, into which the cultures have already 
been introduced. Hydrogen, which need not be purified, is 
then passed into the apparatus, until increasing pressure stops 
the generation of the gas or the tin is absolutely cold. The 
palladium black causes the combination of the hydrogen with 
any oxygen that may be present forming water, so that an 
absolutely anaerobic condition is obtained. The figure 
(Fig. 15) shows the details of the apparatus. Improved 
forms are now made in which the palladium black is heated 
electrically in situ . The apparatus should be covered with a 
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box before the current is switched on, as an explosion now 
and then occurs. 

The displacement of the, atmosphere by mentis of hydrogen 
or nitrogen may be adopted ; the former, being the more 
readily generated, is generally used. Carbon dioxide cannot 
be used, as it has a very decided inhibitory act ion. The hydro- 
gen is best generated from zinc and sulphuric*, acid in a Kipp 
apparatus, or the compressed gas in cylinders, or even coal- 
gas, may be used. Care must be taken that all joints are. 

tight., and they may be paraffined 
with advantage. The gas may be 
passed through some alkaline pvro- 
gallic acid, though for ordinary pur- 
poses this is not essential, and also 
through two or three fairly firm plugs 
of cotton-wool to remove organisms , 
the wool must, be dry, for if moist the 
passage of the gas may he stopped. 

For tube cultures FriinkeTs method 
may be adopted; tin* illustration 
(Fig. 16) explains the device a stout 
test-tube which is plugged with a 
rubber cork, through which tin* two 
pieces of glass tubing pass. The long 
tube is connected with the hydrogen 
supply, and the gas escape's by the 
shorter tube.. After the gas has been 
passing for twenty minutes to half an 
hour and all oxygen has been ex yelled , 
the point of the distal, /.c., shorten*, 
tube is first sealed in the Bunsen or 
blowpipe flame, and 1 lien the proximal 
or longer one in the same manner. The rubber cork must, of 
course, fit well, and the joints should be paraffined. 

For broth or other fluid cultures, which are essential for 
obtaining toxic products, flasks are used which arc* fitted up 
like the Frankel tube described above, and the procedure is 
the same. 

As many anaerobic organisms produce gas during their 
growth, it may be necessary to provide for its escape from a 
closed flask, or the flask may burst owing to the pressure. 
This can be done by adjusting a mercury valve. This consists 
of a small tube or capsule of mercury applied to and so sealing 
an exit tube. The arrangement is shown in the accompanying 



Flu 16 — Frank el \s tube 
for anaerobic cultivation. 
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illustration (Fig. 17) of a cc yeast flask 99 with, the capsule of 
mercury G applied to the end of the exit tube. A is a rubber 
cork plugging the mouth of the flask, and B is a glass tube 
through which the hydrogen is passed ; when the air is dis- 
placed the capsule of mercury is applied to C and B is sealed 
off. The flask, with the capsule of mercury applied to the end 
of the lateral branch, can then be placed in the incubator. 
The mercury thus forms a valve 
through which air cannot enter, 
while gases formed by the 
growth of the organism have 
free exit. 

For large flasks, the lateral 
tube may be just bent down 
and a little capsule of mercury 
attached. 

The addition of \ to 1 per 
cent, of sodium formate to the 
culture media much simplifies 
anaerobic cultivation , the 
tetanus bacillus, for example, 
can be grown m formate broth 
m a stoppered bottle without 
any elaborate precaution for 
excluding the last traces of air. 

The sodium formate should be 
added immediately before the 
last sterilisation, not previously, 
or decomposition may occur. 

Sodium sulphindigotate (0*3 per 
cent.) may be similarly used 

With such a broth, Dean’s 
bottle may be used for an- 
aerobic cultivation. This con- 
sists of a bottle around the 
neck of which a gutter for mercury is formed. A glass cap 
loosely fits over the mouth of the bottle, and its edge dips into 
the mercury in the gutter, thus sealing the bottle but allowing 
the escape of gas. 

Isolation of Organisms. 

If the organism be present unmixed with other organisms, 
and provided it will grow on culture media, there is ;no difficulty 
in obtaining pure cultures by inoculating tubes of the appro- 
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priate medium with a little of the material. This is frequently 
the case in many diseases, and by culturing from tin 4 , blood or 
tissues pure cultures may be obtained. 

As regards appropriate media, these must be adjusted to 
the food requirements of the particular class of organisms to 
be cultivated, and sometimes also to a particular pH 
value. Thus for organisms pathogenic? to animals, media 
rich in protein are generally required, e.//., blood serum, 
nutrient agar, gelatin and broth, etc. For the organisms of 
plant diseases, vegetable infusions of the plant itself or from 
other sources, with or without the addition of vegetable 
proteins and carbohydrates, may be. used. For organisms of 
fermentations beer-wort, grape or fruit juice, and carbohydrate, 
solutions will probably prove most serviceable, while for the. 
nitrifying organisms saline solutions, etc., must, be employed 
(p. 26). Some of the organisms of milk will grow only in milk 
or media containing milk products. A considerable number 
of the common saprophytic bacteria of air, soil and water, 
etc., will develop in the ordinary nutrient agar, gelatin ami 
broth. 

If a mixture of organisms be present, isolation of the * 
individual species may be difficult and complicated. Plate 
cultures, either in Petri dishes, etc. (p. 70), or m tubes (p. 72), 
will then usually give the best hope of success. Aerobic and 
anaerobic cultivation should in all cast's be employed. 
Occasionally the dilution method may be employed (see 
below). 

In some instances single-cell cultures must, be made' use of 
(see p. 73). 

Various devices will sometimes aid isolation. Thus aerobic 
and anaerobic cultivation will separate the strict- aerobes and 
the strict anaerobes. If sporing and non-sporing forms be 
present, the former may be separated from the latter by 
heating the material to 80° 0. for fifteen to thirty minutes ; 
the heating kills most non-sporing forms but does not affect 
the vitality of spores. 

To separate a pathogenic organism from non-path ogenic 
forms, inoculation into a susceptible animal may succeed. 

The use of “ selective 99 culture media may be of service in 
some instances. This method is largely employed, for instance, 
for the isolation of the typhoid-colon group from the faeces, 
such media as the Oonradi, malachite green, and bile-salt being 
utilised. 

Germicidal agents are occasionally employed. Thus anti- 
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formin will destroy all or most of the organisms in tuberculous 
sputum, except the tubercle bacillus. 

“ Enrichment 55 may sometimes be practised. The material 
is placed under such conditions that a particular species grows 
and multiplies in it. Thus, for isolation of the meningococcus, 
the cerebro-spinal fluid may be incubated at 37° C. for twenty- 
four hours and then cultured, and for the isolation of the 
typhoid bacillus from water, peptone may be added to the 
water, which is then incubated at 37° C. for twenty-four hours 
(see Chapter XXII.). 

£C Concentration 55 may also be utilised. This may be done 
by sedimentation, by centrifuging at high speed, by the 
formation of an inert precipitate and subsequent sedimentation 
or centrifuging, or by filtering through a porcelain filter. The 
organisms will tend to be concentrated in the deposit. 

Plate Cultivations. — The method of plate culture is one of 
the most important in bacterio- 
logy. It is used for three pur- 
poses : (1) for obtaining pure 

cultivations, i.e , cultures con- 
taining a single species, from 
a mixture of organisms , (2) for 
the enumeration of organisms ; 
and (3) for ascertaining the Pie 18 — Petn dish for plate 
characters of the colonies cultivation 

of organisms as an aid in the identification of species. 

Before the introduction of plate cultivations pure cultures 
of many organisms could only be obtained by chance, or by 
the <e dilution method. 5 ’ The dilution method consists in 
estimating approximately the number of organisms in a given 
volume of fluid by a direct count of the organisms in a measured 
droplet of the fluid — knowing the volume of the fluid under 
the cover-glass, the area of the cover-glass, the area of the 
field, and the average number of organisms per held, the 
number of organisms can be calculated. Now, an instrument 
on the same principle as the hsematocytometer might be used, 
or the counting be done by Wright’s method (see p. 200) 
The fluid is then diluted by the addition of some sterile fluid, 
so that a given volume of the dilution contains a single organ- 
ism only, assuming the organisms to be evenly distributed 
throughout the fluid. By transferring this volume of the 
dilution to tubes of sterile media pure cultivations can in some 
cases be obtained, a single organism having been sown in a 
tube. This method is at best an uncertain one. 
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The plate-culture method is now commonly employed and 
is, as a rule, far more reliable. This consists in inoculating 
melted gelatin or agar, cooled to a proper temperature, with 
the material The mixture is then poured on to a level sterilised 
surface, so that the medium solidifies in a thin film (*" plat ing ”). 
The organisms, wherever they may he situated, are t hus fixed 
and are unable to wander, and, being in a good nutrient soil, 
grow and multiply and ultimately form visible growths or 
colonies. Many of these colonies will have arisen from a, single 
organism*, the colony, therefore, is a “pure growth," 
consists of a single species, and pure cultures can be obtained 
by inoculating tubes of sterile media from them. 

When suitable, sterile nutrient gelatin is usually employed 
for the preparation of plate cultivations, as it. is more easily 
manipulated than agar. Three tubes of sterile nutrient 
gelatin, numbered 1, 2, and 3, are melted at a low temperature 
in a beaker of water. Tube No. 1 is inoculated, by means of a. 
platinum needle, with a trace of the material from whieh pure 
cultivations are desired. The trace of material is thoroughly 
mixed and distributed throughout- the melted gelatin. If this 
mixture be “ plated,” so many organisms may be present in 
the film that the colonies which develop will not be separate, 
but will form a confluent growth. To make certain of obtain- 
ing isolated colonies a second and a third dilution are prepared. 
The second dilution is made by inoculating the tube of melted 
gelatin No. 2 with one platinum loopful from tula* No. 1 , and 
the third dilution is prepared in the same manner by inocu- 
lating the tube of melted gelatin No. 3 with two to four 
platinum loopfuls from tube No. 2. The organisms introduced 
are thoroughly distributed throughout the gelatin by roiling 
and gently shaking each tube, and the contents of each tube, 
are then poured into a sterile Petri dish a separate dish for 
each tube. Before pouring, the mouth of each tube should be 
flamed so as to sterilise it, but the glass must not be made too 
hot. The Petri dishes are shallow glass dishes with drop-on 
lids (Fig. 18), 3 or 4 in. in diameter ; they are previously 
sterilised in the hot-air steriliser in suitable iron or copper 
boxes holding a dozen or so, or eacli disli with cover may be 
wrapped in paper.* The melted gelatin having been poured 
in, the dish is tilted to and fro to diffuse the gelatin over the 
bottom of the dish, placed on a level surface for the gelatin to 
set, and then stored in the cool incubator. The plates are 

* Fot'merly, the inoculated gelatin wan poured on to a h ter lit* glann plate, 
hence the name “ plate culture.” 
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examined daily, with a hand lens if necessary, or with a low 
power of the microscope, the dish being turned bottom upwards 
on the stage of the microscope for this purpose. When the 
colonies have developed, inoculations can be made from them 
by means of a platinum needle on to tubes of sterile media. 
Such colonies as have arisen from single organisms are pure, 
and the resulting sub-cultures are therefore also pure cultures 
(mixed or impure colonies may occur owing to two or more 
organisms being close together). Different species of organisms 
usually form colonies having different appearances, so that 
the colonies are an aid in recognition and enable the various 
species to be picked out from a mixture. Colonies in gelatin 
are as a rule much more distinctive than those in agar. Whereas 
the plate cultivation prepared from tube No. 1 is generally too 
crowded, plates 2 or 3, or both, can be 
made use of, and it is evident that, to 
make certain of isolating all the organ- 
isms from a mixture, several sets of 
plates should be prepared. Flat bottles 
(Fig 19) may likewise be used for plate 
culturing, and are also very useful for 
growing organisms in bulk for the ex- 
amination of the constituents of the 
bacterial cells. 

Golding has devised flat wedge-shaped 
flasks (having sides at an appropriate 
angle) for plate culturing, and these are 
very useful, as the culture medium may 

be kept in them ready for use. „ sc , ,, 

Agar plate cultures may be prepared bottle 

in the same manner as gelatin ones. 

The agar must, however, be heated nearly to boiling before 
it melts, and it is then allowed to cool to about 45° C. before 
the tubes are inoculated. Unless the manipulations be carried 
out expeditiously the agar will solidify, or the agar film in the 
Petri dish be lumpy. 

Agar plates should usually be inverted during incubation, 
or the growth may become confluent owing to the condensation 
water carrying the organisms all over the film. 

The plate-culture method can be modified to suit particular 
circumstances. For example, the melted gelatin or agar, 
uninoculated, may be poured into the dishes and allowed to 
solidify. The film is then inoculated with the material, by 
streaking or painting with an L-shaped piece of glass rod or 




72 


A MANUAL OF BACTE RI( >LOG \ 


with, a earners hair brush, sterilised by boiling, or by pouring 
a few drops of broth containing the organisms upon it (“ surface 
plates 55 ). This is the only way in which blood-serum can he 
used, the sterile blood-serum being placed in the Petri dish, 
solidified in the inspissator in the same manner as for blood- 
serum tubes, and the coagulated film inoculated. 

For many purposes plates arc unnecessary, the. same, result 
being obtained by inoculating the surface of two or three or 
more tubes of sloping agar or gelatin successively with the 
once charged needle, straight or looped. In the last tube or 
two isolated colonies generally develop. 

The plate-culture method may fail if the organism to be 
isolated forms but a small minority of the total organisms 
present in the mixture ; the only alternative t her 1 is to multiply 
the number of plates. 

Esmarch’s Roll Cultures. — Another modification of the 
plate-culture method is known as Esmarch's roll culture. For 
this purpose large test-tubes (“boiling tubes”), at least, an 
inch in diameter and 6 in. long, are sterilised and plugged with 
cotton-wool. The sterile melted gelatin, about 10 o.t\, is 
poured ’in and inoculated, the wool plug replaced, and the 
tube held in the horizontal position is rotated under a stream 
of cold water, or in warm weather on a block of ice., until the 
gelatin has set. In this way the gelatin forms a thin film over 
the inside of the tube, but a little practice is required to 
get it evenly distributed. The colonies then develop in 
the film of gelatin, which is quite analogous to a film in a 
Petri dish. 

Anaerobic 'plate cultivations are sometimes req uim L B ull< >oh's 
apparatus (p. 64) may be used, or a wide-mouthed glass jar 
large enough to hold three or four Petri dishes. The jar should 
have ground edges so that a lid may he fitted air-tight with 
grease. Some alkaline pyrogallol is introduced into the jar, 
and the dishes should be raised above it by standing on a glass 
capsule. 

The McIntosh and Fildes 5 method (p. 64) may be used with 
a jar of suitable size. 

The Esmarch roll cultures can be adapted, for anaerobic 
cultures. After preparation, the wool plug is replaced by a 
rubber cork with two holes, through which inlet and outlet 
glass tubes pass, as in Frank el 5 s anaerobic tube (Fig. 16), 
hydrogen is passed through for a quarter of an hour, and the 
tubes are sealed off. 

Golding’s flask (p. 71) or a “ plate 55 bottle (Fig. 19) may be 
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similarly used, or a Colding flask may be inverted over a 
beaker of alkaline pyrogallol. 

Various devices may be employed for single dishes, if jars 
are not available. The dish may be inverted and alkaline 
pyrogallol placed in the lid , this absorbs the oxygen and at 
the same time seals the preparation. Or a little solid pyro- 
gallol may be placed in the lid and moistened with alkali and 
the bottom may be luted down in it with plasticine. 

Single-cell Cultures. — With large organisms, such as yeasts, 
it is not difficult to obtain growths from single cells by making 
miniature plate cultures on ruled cover-glasses and ascertaining 
where single cells are located in the him by examining the pre- 
paration with a J or ^ in. objective (see Chapter XVI.). But 
the minuter bacteria present a more difficult problem, and 
several different methods have been proposed. 

Barber * devised a method by which a single organism or 
cell can be picked up with a capillary pipette. The fluid con- 
taining the organisms and suitably diluted is mounted on the 
under surface of a cover-glass forming the roof of a special cell 
The capillary pipette is mounted on a stand provided with 
three screws by means of which motion in the three direc- 
tions of space can be obtained. The him is examined micro- 
scopically and a suitable organism having been found the 
pipette is brought into position and the organism taken up 
into it. 

A simpler method is that of Mutch, f Cells are made of 
rings of ebonite, glass or metal cemented to glass slides. Rings 
of filter paper are cut by means of two hollow punches (cork- 
borers will do) of such a size that they will lie inside the cells ; 
these are placed m position within the cells and moistened with 
saline. A minute droplet of a very thin emulsion of the organ- 
ism is deposited on a cover-glass, previously sterilised by 
flaming. The preparation is rapidly mounted on a prepared 
and vaselined cell so as to form a hanging-drop preparation. 
The drop is then examined with a in. or l in. objective. If 
but a single organism is present, the cover-glass is raised from 
the cell, a drop of melted gelatin or agar is placed on it and 
mixed with the droplet of emulsion, and the cover-glass is 
mounted on another moist cell and incubated. When the 
colony has developed sub-cultures may be prepared. The ring 
of moistened filter paper in the cell prevents the droplet of 
emulsion from drying, and by the use of saline for moistening 

* See Philippine, Journ of Science, vol. ix., Sec. B, 1914, p. 307. 

t Journ. Hoy. Microscopical Soc., 19] 9, Pt. 3, p. 221. 
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the filter paper, the drop does not increase, ns it does if 
water is used. 

Burri employed Indian ink. A suitable tliin emulsion of the 
organism is made in a drop of sterile Indian ink. With a fine 
needle point, sterilised, minute drops are deposited on a, sterile 
agar or gelatin plate. The drops are then examined micro- 
scopically with a -J in. or | in. dry lens with high eye-piece, 
and any drop which is seen to contain hut- a. single organism 
is marked or charted. The plate at the end of the examine! ion 
is incubated and the colonies which develop where a single 
organism was located may be picked off. The organisms show 
up as clear spots in the dark background of Indian ink. 

Orskov’s method is perhaps the best of all.* A voung 
(twelve-hours’) broth culture of the organism is prepared. A 
drop of this is deposited on a sterile agar plate in a Petri dish 
and spread with a sterile glass spreader into patches of varying 
density, and the dish is placed in the warm incubator for one 
hour. A piece of the agar film is then out out. with a sterile 
scalpel and deposited on a sterile slide*, the under surface of 
which should first be marked with criss-cross lines with a 
writing diamond. The slide is next examined, using a good 
mechanical stage with verniers, with a dry lens and high eve- 
piece, giving a magnification of about- 750 diameters, and a 
spot is located in the agar where only a single organism is 
present. This area is charted by means of the verniers of the 
mechanical stage, and in addition by the use of a squared 
micrometer in the eye-piece, the relation of t he squares of 
which to certain of the criss-cross lines on the under surface 
of the slide is determined by examination with a low-power 
lens. During this procedure the slide may be* placed on a 
piece of moist filter paper m a Petri dish, which at the end of 
the operation is covered and allowed to stand, or is incubated, 
until a microscopic colony has developed. This has next, to 
be ce fished ” by a special harpoon platinum needle. This 
consists of a piece of thin (0*15 mm.) platinum wire stuck 
vertically into a lump of modelling wax or plasticine placed on 
the front lens of a low-power objective (or special adapter). 
Trials are first made with a small agar square on a slide, on 
which a spot of Indian ink has been placed with a mapping 
pen. The ink spot is focussed and centred with a low power, 
then the harpoon objective, also screwed on to the nose-piece, 
is brought into position, and by pressure on the wax mount 

* Journ . of Bacteriology, vol. vii., 1922, p. 537, Other methods by Ifort 
and by Barnard and Topley will be found in the Journal of Ilyyhue, 1910. 
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may be adjusted so that it will hit the ink spot when lowered. 
The agar slide is then placed on the stage, and the particular 
colony found and centred. The harpoon, sterilised by flaming, 
is then turned into position and racked down so as to touch 
the colony, and afterwards raised. The point of the harpoon 
is now touched with broth contained in a small platinum loop 
which is raised so as to encompass it several times, agar is 
inoculated from the loop, and finally the point of the har- 
poon is washed in a tube of broth, thus obtaining an agar 
and a broth culture The whole procedure is repeated for 
several spots on the agar slide, so that several cultures can be 
made. 
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STAINING SOLUTIONS AND METHODS- FILM PREPARATIONS 

CAPSULE, SPORE, AND FLAGELLA STAINING SECTION 

CUTTING AND STAIN LN(L 

A selected few of the numerous methods devised for the 
preparation of the material preparatory to staining, arid the 
staining of micro-organisms in culture, tissue, and other 
material, are here given. Special methods occasionally em- 
ployed will be described as they arise. 

The principal objects of staining are to render the micro- 
organisms more clearly visible, to bring out structural details, 
peculiarities of staining or particular reactions of importance 
in identification, to demonstrate their presence and position 
in tissues and organs, and to secure permanent- records of their 
morphology, grouping and occurrence. At the same time 
examination in the fresh and living condition must not be 
omitted, not only in research work, but also in many rout ine 
investigations.* 

Staining- Solutions and Methods. 

(1) Loffler’s alkaline methylene blue : 

Saturated alcoholic solution of methylene blue 30 c\e. 

Solution of caustic potash, 0*01 per cent. 100 e.e. 

A very useful, though somewhat feeble, staining solution. 
Cultures should be quit© fresh, or the organisms do not stain 
well. When the organisms are mixed with extraneous material, 
as in smears, or there is much debris, this is one of the best stain- 
ing solutions to employ. Methylene blue preparations tend to 
fade within a few months. 

Films are stained for three to ten minut.es, ami sections for half 
to twenty -four hours. 

(2) Carbol-methylene blue (Kiihne) : 

Methylene blue . . . . . 1-5 grm. 

Absolute alcohol . . . . .10 c.o. 

Five per cent, aqueous solution of carbolic acid 100 e.c. 

* For further information, on the subjects of this chapter, consult Lee' a 
M icrotomisti* 8 Vade Mecum. Edited by J. Bronte Gates by. Eighth Ed., 
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A more intense staining solution than the former, and very 
useful for sections, which are stained for from half to six hours. 

(3) Carbol-thionine blue (Nicolle) : 

Saturated solution of thionnie blue in alcohol 

(90 per cent.) ..... 10 c.c. 

One per cent, aqueous solution of carbolic acid 100 c.c. 
Sections can be stained in from a few minutes to half an hour. 
May be used for Gram’s method (p. 85). A substitute for, and 
more permanent than, methylene blue for all purposes. 

(4) Garbol-gentian violet : 

Maturated alcoholic solution of gentian violet 10 c.c. 

Five per cent, aqueous solution of carbolic acid 100 c.c. 

A more intense staining reagent than methylene blue. May he 
used for Gram’s method (p. 85). 

(5) Carbol-fuchsin (Ziehl-Neelsen solution) : 

Fuchsm ....... 1 part 

Absolute alcohol . . . . .10 parts 

Five per cent, aqueous solution of carbolic acid 100 parts 
The fuchsm is dissolved in the absolute alcohol and then mixed 
with the carbolic acid solution. Filter before use. 

An intense staining solution. For films it is best diluted with 
two or three parts of water ; stam for two to five minutes. 

(6) Eosin (alcohol- soluble and water-soluble) 

A somewhat diffuse stain. Is used for counter -staining the 
tissues m Gram’s method, and for staining red blood -corpuscles 
and acidophile granules m leucocytes. 

A o' to 1 per cent, aqueous or alcoholic solution may be used , 
and the staining should not, as a rule, be prolonged for more than 
about half a minute. 

(7) Bismarck brown (Vesuvin) : 

A saturated aqueous solution should be prepared and diluted 
somewhat for use. A good counter -stain for the tissues m Gram’s 
method. Stain for two to five minutes. 

(8) Picro-carmine : 

This is best bought ready prepared. Sections are stained in 
the solution for half to one hour, washed, then treated with 
alcohol acidified with a few drops of hydrochloric acid for two or 
three minutes, and finally washed in water. The section, can 
now be counter -stained with Loffier’s blue or by Gram’s method. 
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(9) Hematoxylin : 

Ehrlich’s formula is one of the host, and simplest to use, and 
can he obtained ready for use. Tt must he ” ripe.” St. is a histo- 
logical and not a bacterial stain. Sections arc treated as follows : 

(1) Distilled water, one to two minutes. 

(2) Stain with the luematoxylm solution for five to thirty 
minutes. In some cases the solution is prelerably diluted some- 
what with distilled water. 

(3) Rinse m distilled water. 

(4) Rinse in distilled water containing a, tvarv of acetic acid. 

(5) Treat with distilled water containing a fravv of ammonia. 
The sections remain in this until they assume a. <lecp blue colour. 
(Tap-water, five to ten minutes, may also bo used.) 

(6) Counter-stam with eosm, orange -ru bin, or Van Gicson, and 
mount. 

Hsematoxylin makes a good contrast stain for the tubercle ami 
the leprosy bacillus and for AcUvomyc.es, 

Heidenhain’s iron-haem atoxylm (see section on the ” Eitltnuaba 
histolyUca ”) and Delafield’s liaematoxylin arc also good Inenia- 
toxylin stains. 

(10) Leishrnan’s stain : 

Dike the Jenner, Wright, and other similar ones, a modi heat ion 
of the Romanowsky stain, a double compound of eosm and 
methylene blue. The solution will keep for some time, but is 
best freshly prepared. G rubier ’s powder or Burroughs and Well- 
come’s soloid may be used, and is dissolved m pure methyl alcohol. 
The use of a poor methyl alcohol frequently results in failure. 
Especially used for films of blood, pus and Organs. The films 
should be fresh, or at least recently prepared, as old films never 
stain well, and are dried m the air but are not fixed. The him is 
flooded with 5-10 drops of the stain, which is spread by tilting 
the slide, and in hot weather the preparation should be covered 
with a capsule to prevent evaporation. After a half to one minute, 
distilled water is added with a pipette and mixed with the stain, 
and the staining is continued for from live up to fen minutes. 
The amount of distilled water added should he about double 
the amount of stam used, and should be sullioienf to cause 
an appreciable precipitate and a pinkish tinge in the mixture. 
When the staining is completed, which may be recognised by 
the nuclei of the leucocytes assuming a rich purple colour (the 
film being viewed with a low power), the stain is rinsed off 
with distilled water, the film is flooded with distilled water to 
differentiate, and is watched under a low power until the red 
corpuscles become pink ; this takes half a minute or more. The 
water is then tilted o£ the film and the slide is sot on end to drain 
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and dry, or it may be dried by waving in the air or gentle warming. 
Old films may require longer staining in tlie diluted stain and 
longer differentiation with, distilled water. 

(11) Giemsa stain : 

An eosm-azur mixture dissolved m pure glycerin and metliyl 
alcohol. Useful for blood -films, smears, etc., and has been much 
used to demonstrate the spiroeliaetes in syphilitic material. (For 
method of using, see “ Syphilis 99 and “Malaria.”) 

Saframn, orange-rubin, neutral red, Ehrlich -Biondi triple stain, 
and acid fuchsm are also used as contrast -stains. 

Eosin, hsematoxylm, and piero -carmine keep well in solution ; 
tlie remainder may or may not, and are best used fairly fresh. 
All stains should be filtered before use, and may be conveniently 
kept m small bottles fitted with pipettes, and several arranged m 
a stand. “ Drop bottles 99 are also convenient. 

Methylene -blue, Leishman and Giemsa films are more per- 
manent if kept unmounted. After examination with the oil- 
lmmersion, the oil may be removed from the film wuth xylol. 
Coles mounts these preparations m parolein. 

Pre-war stains are mostly again obtainable. Messrs. Gurr make 
a speciality of biological staining agents, and Messrs. Burroughs, 
W ellcome & Co. supply many dyes and some other reagents, 
iodine, etc*., m “ soloids.” 

Film Specimens : Preparation and Staining. 

Film specimens, as their name implies, consist of thin films 
of organisms, or material containing them, rendered sufficient ly 
adherent to glass micro-slides for staining, mounting and 
examination. They are particularly employed for the examina- 
tion of cultures, and of blood, pus, organ juice, secretions oi 
other material suspected to contain organisms. 

Films are now usually made on the slide, but may be made 
on the cover-glass (“ cover-glass specimens ”). In either case 
the glass must be clean and free from grease. Cover-glasses 
must be thin, otherwise the higher powers cannot be employed, 
and those described as t£ No. 1 75 should be purchased, t£ f in. 
squares 55 being a convenient size. These serve both for cover- 
glass specimens and for covering films or other objects ; it is 
well also to have a few of the same thickness but larger, viz., 

in. or 1 in. squares, and f- m. by 1|- in., for large specimens. 
Slides and cover-glasses may be cleaned by boiling them in a 
porcelain dish with 10 per cent, carbonate of soda solution, 
well washing, and then carefully warming with strong sulphuric 
acid for a few minutes. The acid is poured off, and they 
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are finally rinsed in several changes of water, and should be 
kept in a stoppered glass pot or capsule in absolute alcohol. 
Slides may be freed from grease by heat ing carefully over the 
Bunsen flame (see also pp. 90 and 508). 

In order to prepare a film specimen, a droplet (/.c., mmll 
drop) of tap-water or of freshly-prepared saline 5ls (not distilled 
water) is deposited in the middle of a. clean and dry slide by 
means of a looped platinum needle, or with a line glass pipette. 
The slide may rest on the table or upon a glaxed tile. 

With a culture on a solid medium, a trace of the growth is 
removed with a straight platinum needle from the Maty hi of 
the growth, and is rubbed up with the droplet of water on the 
slide, so as to form an emulsion, which is then well spread. 
As a general rule the material should be thoroughly emulsified, 
but in some instances this is inadvisable, as a particular 
formation or characteristic grouping may be disturbed thereby, 
in which case, after a slight admixture with the water, the 
emulsion is gently spread. A minimum of growth should be 
taken and the emulsion well spread, otherwise the film will be 
too thick. The thin moist film is allowed to dry, or may he 
dried by gentle warming over the Bunsen flame, preferably 
holding the preparation m the fingers and moving backwards 
and forwards above the flame. The film, when dry, must next 
be fixed, which is accomplished by passing the slide, film side 
up, six times through the Bunsen flame (a cover-glass is held 
in the forceps and passed three times through the flame) 
Films may also be fixed in alcohol and ether (p. 8*1). The 
object of this “ fixing 35 is to dry the film thoroughly and 
coagulate albuminous material, whereby the film adheres 
better to the glass, and is not so likely to be detached in the 
subsequent processes of staining and washing, etc. Fixing 
may also tend to diminish the staining capacity of the 
extraneous matter mixed with the organisms. The prepara- 
tions are now ready fox staining. 

When the culture is in a fluid medium, such as broth, a 
loopful or two of the fluid are removed with a looped platinum 
needle, the deposit at the bottom having been shaken up if 
necessary, transferred to the slide, spread, dried, and fixed as 
before ; there is usually no need to add water or saline. With 
a stab-culture, a looped needle should be used to removes the 
growth. 

After fixation, the preparation is stained. The choice of 

* Physiological salt solution, a 0*85 per cent, solution of sodium chloride 
in distilled water. 
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staining agent and procedure will vary and must be learned 
by experience. 

One of tbe best general stains for culture films is carbol- 
fuchsin diluted with two or three times its volume of tap- 
water ; it should be freshly prepared. The slide is flooded 
with the solution which is allowed to act for from two to five 
minutes and afterwards rinsed sufficiently to remove all 
superfluous stain (but not more), after which the preparation 
is dried. The film may be blotted with filter paper and allowed 
to dry spontaneously, the slide being set up on end, or it may 
be dried by careful warming over the Bunsen flame. If many 
slides have to be dealt with, they may be placed m the warm 
incubator. 

When completely dry, the film may be examined directly 
with the oil-immersion lens by placing a drop of cedar oil upon 
it. If lower power dry lenses are used, the preparation must 
be mounted, temporarily or permanently, by placing respec- 
tively a drop of cedar oil or of xylol Canada balsam on the 
film and covering with a cover- glass. Unmounted dry films 
cannot be clearly seen with dry lenses. 

Instead of dilute carbol-fuchsin, other stains may be used, 
e.g ., Loffler’s, or carbol-methylene, blue or carbol-thionine 
blue or gentian violet. The three blues are comparatively 
feeble staining agents, should be used for 5—10 minutes, and 
cultures, unless young, do not usually show well. In some 
instances, however, they may be preferable to carbol-fuchsin, 
eg., for the B . diphtheric? . Special methods may be required, 
e.g., for the B. tuberculosis and for spores, capsules and flagella. 
Various baths or pots may be made use of for staining the 
slides, particularly if many have to be dealt with at a time. 
If the film is on a cover-glass, this may be stained in a 
watch-glass containing the solution. Warming intensifies the 
activity of staining solutions, and may be employed if deep 
staining is required, or if the laboratory temperature be low 
(see p. 98). 

Stained films may be kept permanently unmounted for 
examination with the oil-immersion lens, the oil being cleaned 
off with a little xylol after use. Stained films tend to fade 
(carbol-fuchsin and gentian violet are much more permanent 
than methylene blue), and this is accelerated in balsam mounts 
unless the balsam be neutral (it is frequently slightly acid). 
Coles recommends parolein (liquid paraffin) in preference to 
balsam. Fuchsin preparations are generally to be preferred 
for photomicrography. 

m n 
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To prevent tlie stain flowing over the slide, two thick lines 
may be made across the slide with a grease pencil or with a 
stiff grease made by melting together vaseline ami parafliu 
wax, one on either side of the area to be stained. 

If there be much debris or other material which, when stained 
would interfere with a clear view ofc‘ the organisms, various 
expedients may be adopted. Gram’s method (p. 85) should 
be used if the organism stains by it. If not, the film may be 
stained for a short time with a, solution which does not give 
a very dense colour, such as Ldffier’s methylene blue. Another 
plan is to treat the specimen with acetic acid before staining ; 
it may be just dipped in glacial acetic acid and immediately 
washed in distilled water, or immersed in 20 per cent, acetic 
acid for five to ten minutes, washed in distilled water, and 
then stained. Or, after staining and washing, the preparation 
may he rinsed in dilute alcohol (alcohol 1 part., water 1 or 2 
parts), and immediately washed again m water to stop the 
further action of the alcohol. If the film be thick, two or 
three rinses m the dilute alcohol may be necessary. Tins 
process gives excellent results with the sardine, 'but. the 
staining agent should be anilm gentian violet or dilute carbol- 
fuchsin and not Loffler’s blue, unless it is allowed to act for 
fifteen to twenty minutes. The treatment with acetic acid 
before staining may be combined with decolourisation with 
alcohol after. 

Preparations may also be examined in water, covering with 
a cover-glass, to see if they are satisfactory or for rapid 
scrutiny. If satisfactory, the preparation can be dried, or if 
insufficiently, or too deeply, stained, it can be stained again, 
or further decolourised, as the case may be. 

Another process for demonstrating the presence of organisms 
in films is by the method of et relief staining 99 in which the 
organisms are left unstained on a coloured background. This 
may be done by the Indian-ink method (see “ Syphilis ") or 
by Benian’s Congo method.* For this a small drop of a 2 per 
cent, solution of Congo red in distilled water is placed on a 
slide and a very small quantity of the bacterial culture, or of 
exudate, is rubbed up with it with a platinum wire ; the drop 
is then spread out into a tolerably thick film, either with the 
wire or with another slide. The film is allowed to dry in the 
air and is then rinsed with a 1 per cent, solution of hydrochloric 
acid in absolute alcohol and dried in the air, preferably not 
blotted. The background is an opaque blue and the organisms 
* Brit. Med Journ 1916, vol ii„ p 722. 
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appear white. Broth, and saline solutions do not form a satis- 
factory mixture with the Congo red and the organisms should 
he centrifuged out of them. Serous exudates mix readily and 
evenly. Care must be taken that the distilled water used in 
making the Congo red solution contains no organisms. 

If a film of pus, sputum, urine, milk or other secretion or 
material is required, the procedure is much the same as for 
cultures. 

One or more platinum loopfuls of the material are spread 
in a thin film over the middle two -fourths of the slide. In 
order to obtain a thinner film, the material may be diluted 
with a droplet of tap-water or saline. If a film from an organ 
is required, a particle of the pulp is picked up with a needle, 
emulsified on the slide and spread, or a small piece of the organ 
may be held in forceps and the cut surface gently smeared over 
the slide ; this is known as a <£ smear preparation. 55 Another 
method is to place a particle of the material on a slide, apply a 
second slide, and by crushing and rubbing the material between 
the two slides, and finally drawing them apart, a film is formed 
on both slides. The films having been made, the preparations 
are allowed to dry or are dried by gentle warming. After this 
the films must be fixed. This may be done by heat — by 
passing through the Bunsen flame as for culture films — but it 
is generally preferable to use a fixative agent (see below). In 
some instances the films without drying are immersed in a 
fixative. In cases where much fat is present — as in a film of 
milk — the film after drying should be fixed by immersion m 
alcohol and ether or ether for at least ten minutes. Bor the 
staining of films of this nature, where the organisms are ad- 
mixed with much other material, dilute carbol-fuchsin generally 
stains the background so deeply as to obscure the organisms, 
and methylene or thionine blue is usually preferable. Gram's 
method may also be utilised, and if tuberculosis is m question, 
the special method for that condition is employed. Smears of 
organs and the like often show well when stained by the 
Leishman method. 

Films of blood require a special method of preparation if 
the best results are to be obtained. The finger or lobe of the 
ear is pricked and the small bead of blood which exudes is 
touched with a perfectly clean slide towards one end. The 
droplet of blood adhering to the slide is then spread by applying 
the end of a second slide (the spreader) to it, holding at an angle 
of 45° and gently pushing along the surface of the first slide, 
and the process may be repeated for as many films as are 

6—3 
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required. In this way a thin film of the blood is obtained 
covering a half to two-thirds of the surface, of the slide and 
diminishing in thickness from one end to the other. Practice 
is required to gauge the right amount of blood the head of 
blood should be the size of a pin’s head or thereabouts. 

Fixation. — Films of blood or pus or smear preparations of 
organs or similar material are preferably fixed with some 
chemical fixing agent, and not by beat-. Films to bo stained with 
Leishman’s solution are not fixed, as it both fixes and stains. 
The simplest method of fixation is to immerse the films, after 
air-drying, in a mixture of equal parts of absolute alcohol 
and ether for ten to thirty minutes. In the tropics a saturated 
aqueous solution of corrosive sublimate (five to fifteen minutes) 
is perhaps as satisfactory as anything. Another method, 
combining both fixing and staining, is to immerse the films as 
soon as they are prepared and without, drying for a. lew 
minutes in the following solution : 

Absolute alcohol, saturated with eosin . 2f> 

Pure etlier ...... 2f> <*.<*. 

Alcoholic solution of corrosive sublimate 

(2 grm. m 10 c.e. ) . . . .5 drops 

The specimens are then removed with a forceps and well 
rinsed in water, stained for not more than a minute m a. 
saturated aqueous solution of methylene blue, washed quickly, 
dehydrated in absolute alcohol, cleared in xylol, and mounted 
in xylol balsam. This solution may he used for fixing blood, 
pus, sputum, etc., if the eosin he omitted, and the preparations 
may then be stained or otherwise treated in any desired 
manner.* 

Scott *f* recommends the following as giving the most, perfect, 
results with blood films, etc. : 

(1) Hold the freshly prepared and still wet film in t he mouth 
of a wide-mouthed bottle half filled with the ordinary formalin 
solution, film side downwards, for five seconds. 

(2) Drop, while still wet , film downwards, into absolute 
alcohol. Leave for fifteen minutes, or, for convenience, for 
any time up to forty-eight hours. 

The preparations may then be stained with methylene blue, 
haematoxylin and eosin, or with the Leishman or Uiemsa stain. 
(See also under “Malaria,” Chapter XV III.) 

Impression Specimens. — These are employed to preserve 

* G ul land, Brit . Med. Javrrh, 1897, vol. f, p, <if>. 
f Jotirn. Path, and Bad., vol. vii.. No. 1, p, KG. 
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permanently the colonies or growths of organisms so that their 
characteristic formation may be observed. With plate cultiva- 
tions this is simple. A clean cover-glass is cautiously lowered 
on to a selected surface colony, avoiding all lateral movement. 
It is gently pressed on to the colony and then carefully raised 
by means of a couple of needles ; the colony should adhere to 
the glass, and may be dried, fixed and stained. The colonies 
in gelatin or agar tube cultures may also be used if the medium 
is removed from the tube. This can be done by dipping the 
tube for a few seconds into hot water, the medi um round the 
walls of the tube will be melted, and the mass can then be 
tilted out of the tube on to a glass dish or tile. 

Gram’s Method. 

This is a method by which the organisms are stained, but 
the ground substance, albuminoid material, tissue cells and 
elements, etc., are decolourised and may be counter-stained 
another colour, so that the organisms stand out in marked 
contrast. It is particularly useful for films of blood, pus and 
other discharges, and tissue sections. But only some organisms 
can be stained by the process, so that organisms may be 
divided into those that stain by it. Gram- positive, and those 
that do not, Gram-negative , and the reaction is, therefore, also 
a means of distinguishing various organisms. The method 
consists in staining with a pararosamlm dye {eg., gentian 
violet, methyl violet, crystal violet, victoria blue, thionine 
blue) in an anilin water or carbolic acid solution, followed by 
treatment with an iodine solution. This results in the formation 
of an iodine-pararosamlm-protein compound within the 
organisms which is relatively insoluble in alcohol, so that on 
subsequent treatment wuth alcohol, the dye is removed more 
or less completely from everything except the organisms.* 
Gram-positive organisms, if old and degenerate, may stain 
indifferently by the method, and some organisms which in 
the tissues, blood or exudates are definitely Gram-positive, 
under cultivation may become more or less Gram-negative. 
Even strongly Gram-positive organisms may be decolourised 
by prolonged treatment with alcohol. 

In order £o ascertain whether an organism is or is not stained 
by Gram’s method, it is sometimes useful to mix with it in the 

* Bemans holds that the retention of the dye is dependent upon the 
structure and integrity of the cell -membrane, Stearn that it depends upon 
the existence of a protein-phosphatide compound at x^rticiilar pH values. 
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preparation sonic undoubted Gram -staining organism e.<y. il a 
bacillus, the Mwroooceus pyogenes ; ii a coccus, B, ant h mar. s* or 
B. sub tilts. The admixed organism ilion serves as an index. 

The following organisms arc Gram-positive * B. anthracis, 
B. diphtheria',, B. tot ant, B. botulinus, and acid-fast organisms like 
B. tuberculosis, B. smegma Us, and B. lepra*. Also />. nm rise pi teas, 
Actinomyces , B . subUlis, B meson t ericas, />. niegale.riiun, />. niyeoides , 
the pyogenic cocci, the streptococci, including Ihe pneumococcus, 
most cocci, yeasts, moulds and strop lothriccs. B. per/mngens, B . 
oedematis maligni, and Ih (•hemran are usually dram -positive in 
the tissues, but tend to become Gram -negative under eulti vat, ion. 

The following organisms are Gram -negative : B. typhosus, B. 
paratyphosus, B . enteritidis, B. dy sente rue, B. eoli , />. profess, 
B. pestis , 15. %nfluenzce, B. mallei, B. pseudo-tuberculosis , />\ yn/o- 
cyaneus, B. prodigiosus , At. gonorrhoea ?, 11/ . meningitidis , d/ . (/>,) 
melvtens'is , and itT. catarrhal is , the septieaunic baeilh, sueh as chicken 
cholera, the spirilla and vibrios, spirocliaetes and protozoa,. 

Tim GnAM-STATNTNCi METHOD. 

The original method was to stain in an ami in -gentian violet 
solution (alcoholic solution of gentian violet., 30 e.e. ; anilin 
water, 100 c.c. Anilin water is prepared by vigorously shaking 
2 c.c. of anilm with 100 c.c. of distilled water and filtering). Films 
are stained for 3-5 minutes and sections for 10 15 minutes. 
The stain is then drained off and the preparation rinsed with 
Laigol’s iodine solution (see below), and some of the iodine solu- 
tion is allowed to remain on the preparation for I 3 minutes, 
after which it is treated with alcohol; — films for a. bout half a 
minute, sections until practically decolourised. The alcohol 
(absolute or methylated spirit) may be renewed once or twice. 
After decolonisation the preparation may be counter -stained with 
weak fuchsin, neutral red, oosin, Bismarck brown, etc. Garbol- 
gentian violet or carbol-thionine blue, crystal violet, etc., may 
also be employed instead of anil in -gentian violet. 

Owing to some degree of uncertainty in the results obtained 
by the original method, the American Society of Bacteriologists 
recommend one of the two following methods for films of 
cultures — 

Method 1. 

Gentian violet solution .... 1 minute 

(This is prepared by grinding 5 grm. of 
gentian violet with 10 c.c. of 95 per cent, 
alcohol in a mortar. Add 2 c.c. of anilin oil 
and 88 c.c. of water. Filter.) 
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Iodine solution (EugoPs) .... 1 minute 

(Iodine 1 grin., potassium iodide 2 grm., 
water 300 c.c.) 

Absolute alcohol. ..... 2 mi nutes 

Counter -stain ...... 30 seconds 

(10 c.c. of saturated alcoholic safranin and 
90 c.c. of water.) 

Method 2. 

Gentian violet solution .... 3 minutes 

(Anilm oil 3 c.c., absolute alcohol 7 c.c., 
water 90 c.c. Shake and filter through moist 
filter paper. Add 2 grm. of gentian violet 
and allow the mixture to stand for 24 hours.) 

Iodine solution (Lugol’s, as in No. 1) . 2 minutes 

Absolute alcohol. ..... 2 minutes 

Counter -stain : — 

Either fuchsm (one part saturated alcoholic 

solution to nine parts of water) . . 30 seconds 

or 

Bismarck brown (2 per cent, dissolved in hot 

water and filtered) . . . .2 minutes 

There is not much to choose between these methods : the first 
one is shorter and the gentian violet solution will keep for 3—4 
months. Only young cultures should be used and the films 
made on coyer -glasses with distilled water and, in the portions 
exammed, organisms should be only one layer thick. The gentian 
violet and iodine solutions should each be removed by merely 
draining and blotting, before applying the next solution. Cover- 
glasses should be treated with the alcohol in watch-glasses and 
kept in constant agitation and be transferred without washing 
to the counter -stain. 

Another method is given under the Gonococcus ” (clinical 
diagnosis). The addition of a trace (0 1 per cent ) of potassium 
carbonate improves the iodine solution 

Weigert's modification of Gram's method. — In this process the 
sections, whether frozen or paraffin ones, should be manipulated 
on the slide. They are stained with anilm-gentian violet or with 
the solution of Method 2 above and treated with Weigert’s iodine 
solution (iodine 4—5 per cent., potassium iodide 6 per cent.). 
The iodine is then removed with filter -paper and the sections are 
flooded with anilin oil two or three times. This removes the 
colour and dehydrates. The amlm oil is removed by flooding 
two or three times with xylol. 
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Capsule Staining. 

Some organisms, especially in the tissues or body fluids, are 
invested with a capsule of gelatinous matter, probably derived 
from the membrane of the bacterial cell, and differing in com- 
position in different species. The capsule may be as 1 hick as 
the bacterial cell itself, and appears, m the unstained state or 
after staining by the ordinary methods, as a clear halo or zone 
surrounding the organism (Plate L, 2). Organisms in films of 
albuminous matter often appear to be surrounded by a, clear 
zone, which must not be mistaken for a capsule. Oapsulated 
organisms frequently lose their capsules when cultivated on 
media free from native protein. If this occur, cultivation m 
fluid serum may cause re-development of the capsule. In 
order to stain the capsule one of the following methods may be. 
adopted : 

1. Stain the preparations hy just dipping in the following 
solution : 

Carbol-fuchsin ...... 1 pari 

Distilled water ...... I part, 

Rinse m water, and then stain for fifteen seconds m a- very weak 
aqueous solution of gentian violet (0*1 per* mil,). Rinse in water, 
dry, and" mount. 

2. MacConJcey's Method . — The following solution is prepared ; 

Methyl green . . . . . . I *5 grin. 

Dahlia ....... 0-5 grin. 

Distilled water . . . . . . 100 e.e. 

When dissolved, 10 e.e. of a saturated alcoholic solution of 
fuchsin are added, and the whole is made, up to 200 e.e. with 
distilled water. The stam should not bo used for a. fortnight, and 
should be kept m a dark place. Specimens a, re stained for five 
minutes or longer, then thoroughly washed in a stream of water, 
dried and mounted. 

3. Friedlander* s Method (for tissues),- -Mix : 

Concentrated alcoholic solution of gentian violet 50 parts 
Distilled water ...... 100 parts 

Acetic acid . . . . . . .10 parts 

Stam the sections in this solution m the warm incubator for 
twenty -four hours. Rinse well in 1 per cent, acetic acid, pass 
through alcohol and xylol, and mount in balsam. 

Spobe Staining. 

When spore-bearing bacteria are stained by the ordinary 
methods the spores are just tinted, or remain uncoloured with 
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tlie outlines more or less stained. TMs seems to be due to tlie 
fact tbat tlie spores are surrounded with, a somewhat imper- 
meable membrane which inhibits the entrance of the staining 
agent. B y employing some method which causes the penetra- 
tion of the stain, and then cautiously decolourising, it is 
possible to remove the colour from everything except the 
spores, the semi-permeable membrane of which in the same 
way prevents the full action of the decolourising agent. 

(a) Simple Method . — A film is prepared in the ordinary way on 
a slide. This is flooded with carbol-fuchsm and warmed for 
twenty minutes. After being washed m water the preparation is 
rinsed for a second or two in 1 per cent, sulphuric acid and again 
washed at once in water. If there is still a good deal of the red 
colour remaining, the film may be once more rinsed in the acid, 
but if nearly colourless it should be mounted m water and examined 
with the -J m. objective. If the spores alone are well stained the 
preparation may be counter -stained with Loffler’s methylene blue 
for two to five minutes, washed, dried, and mounted. If, however, 
the bacilli as well as the spores retain the red colour, the prepara- 
tion mnst be further decolourised in the acid, while if everything 
has been decolourised, it may be re -stained with warm carbol- 
fuchsin. 

Tlie spores sometimes stain better if the preparation he fixed 
by passing through the flame twelve times instead of six, as is 
usual. To obtain good preparations and ones showing the spores 
in situ , the specimens should he made as soon as sj)oies have 
definitely developed in the cultures. 

Spore staining often requires a good deal of patience, and in 
many instances it is difficult to obtain a satisfactory preparation 
by this simple method, in which case that of Moeller should he 
made use of, and rarely fails. 

(b) Moeller's Method — Prepare the slide specimen m the 
ordinary way. Treat with absolute alcohol for two minutes, and 
then with chloroform for two minutes. Wash in water and treat 
with a 5 per cent, solution of chromic acid for two minutes, wash, 
and then stain with warm carbol-fuchsm for ten minutes. Wash, 
decolourise carefully in 1 per cent, sulphuric acid, again wash and 
counter -stain with Loffler’s methylene blue for one minute ; 
wash, dry, and mount. Some organisms, such as the B . mesen - 
iericus , stain better if treated with the chromic acid for five to ten 
minutes. 

Flagella Staining. 

Many organisms possess delicate protoplasmic processes or 
flagella, but these are not visible when the organism is examined 
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in the living condition (except by the use of dark “ground 
illumination), nor when the ordinary staining methods a, re, 
employed. In order to demonstrate them it- is necessary to 
make use of some special method, in which a mordant is 
essential. 

For all methods of flagella staining the cover-glasses or slides 
must be absolutely clean, the. cultures recent, and the growth 
sufficiently diluted to obtain the organisms in an isolated con- 
dition. 

To clean Slides. — Polish the slides with a clean cloth, place thorn 
on a piece of clean wire gauxe and heat carefully with a smokeless 
flame for some minutes (by this means grease is completely 
removed). Bemove the slides when cool, not before. (lover- 
glasses may be heated in strong sulphuric acid and afterwards 
thoroughly washed in distilled water. 

To make the Suspension . — A little of the surface growth is 
removed with a platinum needle and transferred to 2 it e.e. of 
sterile tap water in a test-tube. Tlio growth is diffused in the 
water by shaking the needle to and fro, and not by emulsifying 
on the side of the test-tube. The water should be at. 27° (h, and 
the inoculated water tube should be placed in the warm meubator 
for half an hour. A 10—20 hour surface agar culture of the organism 
is to he preferred, and growth only should he removed, with as 
little of the culture medium as possible. 

To make the Film: — Several small drops of the inoculated water 
aie placed on a clean side or cover -glass with a small platinum 
loop, and are allowed to dry m the air without spreading. 

(a) Skunk's Method . — As soon as the films are dry, they may 
he flooded with a fixative solution (consisting of equal parts of 
formalin and distilled water) which is allowed to act for two 
minutes and then washed off with water. The mordani alone 
will, however, usually suffice. 

Tn IQ Moiu>ax t. 

a. Ferric chloride (1—20 aqueous solution) . 1 part 

Saturated aqueous solution of tannic acid . parts 

This solution improves with ago and should be filtered before 
use. 

b. Amlin oil . . . . .1 part, 

95 per cent, alcohol . . . .4 parts 

Eight drops of a are placed on the film and one drop of b is 
immediately added. The mixture is allowed to act for two minutes 
and is then washed off with water, and the water is drained off 
and absorbed by touching the edge of cover -glass or slide with 
filter -paper. The film is then flooded with the stain, which may 
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be carbol-fuclism , anilin -gentian violet or Loffler’s methylene 
blue. The staining solution to be preferred is prepared as follows 
and keeps well : 

holder’s methylene blue . . . .30 c.c. 

Solution b of mordant .... 3 c.c. 

The stain is allowed to act for two to three minutes, washed 
thoroughly with water and allowed to dry. The mordanting and 
staining are done at room temperature, and distilled water should 
be used throughout.* 

This is a modification of Loffler’s original flagella stain, and we 
have found it work well at the King’s College Laboratory. 

(b) bitfield's Method . — Two solutions are freshly prepared : 

a. Saturated aqueous solution of alum . 10 c.o. 

Saturated alcoholic solution of gentian violet 1 c.c. 

b. Tannic acid ...... 1 grin. 

Distilled water . . . . .10 c.c. 

The solutions should be made with cold water, filtered, and 
preserved in separate bottles. For use equal quantities are mixed 
together. The specimens are flooded with the mixture and held 
over the flame until it nearly boils ; they are then laid aside, with 
the hot stain on them, for one minute, and are finally washed 
m water. After washing, the preparations are flooded with 
anilm gentian violet for one second, washed m water, dried and 
mounted. 

(c) Me( i )orie's Method {modified by Morton f ) — Prepare the 
following solutions : 

a. Tannic acid . 

Potash alum 
Distilled water 

b. Night ” blue 
Absolute alcohol 

Mix and filter. 

The prepared slides are stained with this solution (which should 
always be filtered before use) for two minutes, the solution being 
changed two or three times, washed gently in running water, and 
then counter -stained m ainlin -gentian violet for one to two 
minutes, washed, dried, and mounted. 

Micro-organisms in Tissues. 

The mere detection of micro-organisms in organs and tissues 
may usually be accomplished by means of film and smear 

* Journ of Bacteriology, vol. v , 1920, p. 181. 
f Trans. Jenner Inst . Prev. Med., vol. u., j>- 242. 


1 grin. 
40 c.c. 

0 5 grin. 
20 c.c. 
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preparations, but in order to demonstrate their relation io the 
tissue elements in wtiicli they lie, and alterations in the latter, 
it is necessary to prepare sections. 

Tissues should always be obtained as fresh as possible, for 
within a few hours of death they are invaded by bacteria 
derived from the air and from the digestive tract, which may 
mask the original infection and lead to error. 

Fixation and Hardening. — Before a tissue can be sectioned, 
it is generally necessary to fix and harden it. (sections may 
occasionally be prepared by the freezing method from the. 
fresh untreated tissue). The tissue is cut into blocks usually 
not more than l-|—2 cm. square by 1 can. in thickness, and 
these pieces may then be treated by one of the following 
methods : 

(a) Place in alcohol,* or better, absolute alcohol, for t wenty- 
four hours and then pass through increasing strengths of 
alcohol — 66 per cent., 75 per cent., 90 per cent.. The tissue 
remains in each for two to three days. 

(b) Place in a saturated aqueous solution of corrosive sub- 
limate for from six to twenty-four hours. Them wash m 
running water for one to two hours, or, better, immerse in 
70 per cent, alcohol deeply coloured with iodine, to remove the 
corrosive sublimate. If this is not clone., black granules are 
apt to form in the tissue. A drop or two of glacial acet ic acid 
may be added to the corrosive sublimate solution at. the time, 
of using Pass through increasing strengt hs of alcohol as in (<■/). 

(c) Place in 10 per cent, commercial formalin in saline for 
twenty-four to forty-eight hours, and wash in running wat er for 
an hour. Pass through increasing strengths of alcohol as in (a). 

In all cases the fixative solution should be in considerable 
excess. After treatment the pieces of tissue may be preserved 
in. 75 per cent, alcohol (methylated spirit., four parts : water, 
one part). 

Section Oitttino. 

Sections are usually prepared by either the freezing or the, 
paraffin method. 

* Methylated spirit may usually ho employed for all purposes when 
alcohol of not more than 90 per cent, strength Huilioes. Jt nuttit, however, he 
free from mineral naphtha and colouring ; which are present in all “ shop 
methylated spirit. The naphtha-free spirit may ho obtained in quantity for 
laboratory use by permit from the Inland .Revenue, Somerset House, YV.O. 
If it cannot be procured, absolute alcohol must be employed. This is 
expensive, but duty-free absolute alcohol can bo similarly obtained for 
laboratory use. In the following pages, when the unqualified term “ alee hoi ” 
is used, the naphtha -free methylated spirit may generally b© employed. 
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(a) Freezing Method. — The alcohol must first be removed 
from the tissue by soaking in running water. The pieces are 
placed in a wide-mouthed bottle, into the mouth of which a 
suitable glass funnel is introduced, and the bottle with the 
funnel is placed under a stream of running water for from one 
to two hours. The funnel, while allowing the water to flow out, 
retains the pieces of tissue, which at first float, in the bottle. 
It is essential to remove all the alcohol , or the tissue will not freeze. 

When the alcohol has been removed, the pieces are trans- 
ferred to a strong mucilage of gum acacia : 

Gum acacia ...... 5 grin. 

Cane sugar . . . . . . 0 5 gmi. 

Water ....... 100 e.e 

Add a piece of thymol or a little carbolic acid or saturate with 
boric acid to prevent decomposition. 

In this gum solution the pieces remain for from six to twenty- 
four hours, according to their size and density, and then may 
be cut on an ether-freezing microtome, such as Swift's or 
Cathcart’s. A microtome in which the freezing is effected by 
carbonic acid is now usually employed. Liquid carbonic acid 
contained in a cylinder sprays by its own pressure on to the 
under surface of the plate on which the block of tissue rests : 
the tissue quickly freezes and is then cut. This form of 
microtome works satisfactorily in the hottest weather. The 
material must not be frozen so hard that the sections roll up 
and fall off the knife , the sugar in the mucilage should 
prevent this. The sections are transferred successively to two 
or three lots of distilled water, preferably slightly warmed, to 
remove the gum, and can then be stained at once, or may be 
preserved in TO per cent, alcohol. 

Bacteria seem to retain their staining properties better in 
the tissue in bulk than in sections preserved in alcohol. This 
objection does not hold with paraffin sections. 

(6) Paraffin Method. — Thinner and better sections are 
obtained by the paraffin method, and for some friable tissues, 
such as actinomycosis, it is almost essential. The tissue, in 
suitable pieces for cutting, is transferred from the dilute 
spirit preservative solution to methylated spirit for two or 
three hours, and then to absolute alcohol — which may have to 
be changed once unless a fairly large volume is employed — for 
from four to twenty-four hours. It is then removed from the 
alcohol, lightly dried between the folds of a dry cloth or piece 
of blotting-paper to remove the superfluous alcohol, and 
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placed in an excess of xylol, in which it remains for from four 
to twenty-four hours until cleared. This is recognised by the 
material assuming a more or less semi-transparent condition, 
and the process may be much accelerated by warming the 
xylol to from 37° to 50° C. in the blood-heat incubator or 
paraffin oven, the bottle containing the xylol being well 
stoppered. When cleared it is ready to go into the bath of 
melted paraffin wax. A special paraffin embedding bath with 
regulator and burner will usually be employed, failing which 
an ordinary chemical hot-water drying oven may be adapted 
for the purpose. It is heated by a special form of small Bunsen 
burner with mica chimney, the temperature being regulated 
by a mercurial regulator set a degree or two above the nutting- 
point of the paraffin employed. The tissue is taken .out of t he 
xylol, blotted to remove the excess, and placed in the melted 
paraffin for from six to twenty hours. It is then embedded 
by pouring a little of the melted paraffin into a watch-glass, 
or into a small box formed of folded paper or lead- foil, or by 
bringing together two L-shaped pieces of brass on a glass 
plate so that a rectangular cavity is produced. The pieces of 
tissue are then taken out with a small warmed forceps or 
needle, adjusted to the position they are required to occupy, 
and more melted paraffin is poured in, so as to cover them 
When a film of solid paraffin has formed, the whole is immersed 
in cold water so as to cool it rapidly. 

A paraffin wax of a fairly high melting-point, 50° to 53 M 0., 
is perhaps the best. A new wax is frequently crystalline m 
structure, and acts much better after it has been kept, melted 
for some weeks, or is much improved by heating nearly to its 
boiling-point for five or six days (P. T. Beale). The xylol for 
clearing may be used several times and the paraffin repeatedly, 
the remains of old tissues being removed. The time which the 
tissues require to remain in the alcohol, xylol, and paraffin 
depends upon their size ; very small pieces may be treated in 
an hour or two, large ones may require 12-18 hours. 

Other clearing agents, such as chloroform, turpentine, and 
cedar oil, may be used instead of xylol. The paraffin method 
is usually straightforward, but small pieces of tissue must not 
be left too long either in absolute alcohol or in the paraffin 
hath, for they are liable to become too hard to cut. Thyroid 
tissue and skin are also troublesome ; they become very hard 
unless the whole process is carried out as rapidly as possible. 
If the pieces of tissue be large, the capsule of melted paraffin 
containing the tissue may be placed under the receiver of an 
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air-pump, which is then exhausted. This causes the paraffin 
to penetrate better, and the process may he repeated two or 
three times during the period of infiltration. A special form 
of paraffin oven, devised by Cheatle for infiltrating under 
diminished pressure, is made by Messrs. Hearson. 

Sections are then cut with a microtome, of which there are 
many forms. The Cambridge rocking microtome (Fig. 20) is 
much used in this country. The Minot microtome is also an 
excellent one. The mechanism of the instrument must be 
learned before use. The block of paraffin containing the 
tissue is trimmed with a knife to remove the excess, and is 
cemented to the carrier of the microtome with a little m elted 



Fig. 20 — Cambridge rocking microtome 


paraffin or by melting the paraffin on it with a hot iron (end 
of a file, etc.) or a match. The union may be made more secure 
by melting the paraffin around the base of the block with a 
hot iron. 

Having fixed the paraffin block to the carrier, sections may 
then be cut of any degree of thinness. It is essential for the 
knife or razor to have not only a keen edge, but one of the 
right nature, for a knife may be perfectly sharp and yet the 
sections as they are cut may roll up in such a manner that it is 
difficult to flatten them. Though this may be due to a wrong 
consistence of the paraffin, owing to cold weather or some other 
factor, in the majority of instances it is the edge of the knife 
which is at fault. Provided the knife be sharp, stropping on 
the palm of the hand will usually remedy this difficulty. The 
paraffin being of the right consistence and the knife in good 
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order, tlie sections as they are cut should he flat and should 
adhere together at adjacent margins so that a ribl>on of great er 
or shorter length is formed. 

Satisfactory sections having been obtained, they are trans- 
ferred with a needle or earner s -hair brush to a tin pan con- 
taining a little water, or spirit and water, wanned to about 
40° G. The sections float and the paraffin soften, s* so that- they 
spread out perfectly flat (the water must not be hot enough 
to 'melt the paraffin). A clean slide is then introduced under- 
neath. a section, raised so that the section is lifted up on it, and 
by fixing the section with a needle and tilting the slide the 
section is deposited in the required position on the slide and 
allowed to dry. If preferred, the section may be transferred 
to a slide flooded with water, which is warmed over t he Bunsen. 
The slides can he manipulated in an hour or two if dried at 
37° C., hut it is best to allow them to dry in the incubator all 
night. It will he found after this treatment that thin sections 
generally adhere sufficiently firmly to the. slides for all the 
ordinary methods of staining to be carried out without, 
detaching them; thick sections, however, do not adhere 
nearly so well. 

To prevent the risk of detachment, it is generally better to 
cement the sections to the slides by the following method. 
Equal parts of egg-white and glycerin are mixed and filtered 
through muslin, and to every 100 c.c. of the mixt ure 1 grin, of 
sodium salicylate is added. The slide, is smeared thinly with 
this, the section is transferred to it and afterwards dried in the 
manner above described. 

Supposing that the sections, in spite of all precautions, curl 
up as they are cut, it is still often possible to obtain a few that, 
can be mounted. They may sometimes be unrolled by cautious 
manipulation with a couple of needles after having been 
softened by warming, or a needle or knife-blade may be held 
close to the edge of the microtome knife during cutting, so 
that curling is prevented. 

Tissues embedded m paraffin may 1> 0 kepi indefinitely m 
labelled pill-boxes and cut as required, or the ribbons of sections 
may be preserved m a box m a cool place until wanted. The slides 
also, with the sections attached, can he kopt until it is convenient 
to stain, if preserved free from dust in a slide box. 

Section Staining and Mounting. 

(a) Frozen Sections . — These are now not much used. They 
may be stained and treated in watch-glasses or glass capsules 
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containing the staining solution, and dehydrating and clearing 
reagents. Staining solutions and methods are the same as 
those described below for paraffin sections There is, however, 
no preliminary treatment (with the exception, perhaps, of 
washing in distilled water) before staining. After staining, the 
sections are rinsed m water, dehydrated in absolute alcohol, 
and cleared m xylol or cedar oil. 

For transferring the sections from one solution to another 
an ordinary needle, fixed in a light wooden handle, suffices, or, 
better, a pointed glass rod, the section being carefully lifted 
by one corner to prevent crumpling , but for the final process 
of mounting it is necessary to use a section lifter or a cigarette 
paper. The section, spread out with care, is raised by means 
of the lifter or cigarette paper introduced under it, and trans- 
ferred to the slide, folds and crinkles are removed by spreading 
with a needle, the superfluous clearing agent is drained offi 
and the section blotted with two or three thicknesses of smooth 
filter-paper, a drop of xylol balsam put on, and it is then 
covered with a clean cover-glass. In blotting firm pressure 
should be used, and the section will then adhere to the glass 
slide and not to the blotting-paper. With delicate sections all 
the processes of staining, dehydrating, clearing, etc., may be 
carried out on the slide. 

( b ) Paraffin Section# — The section fixed on the slide (p. 96) 
must be freed from paraffin before staining and mounting. 
The slides with attached sections are treated as follows . 
Flood with or immerse in (1) xylol for two or three minutes, 
drain ; (2) absolute alcohol two or three minutes to remove 
the xylol, dram ; (3) distilled water. They are now ready for 
staining, and are to be flooded with the staining solution or 
immersed ir> it. Stoppered glass jars, about 3 to 4= in. deep by 
1|- m. in diameter, or wide-mouthed stoppered bottles, filled 
with the alcohol, xylol, etc., are convenient for the treatment 
of paraffin sections, the slide with the section upon it being 
immersed in the fluid, which is used again and again. 

For staining the micro-organisms m tissue sections various 
methods may be employed. In the case of acid-fast organisms, 
the special acid-fast method as described under h ' Tuber- 
culosis 55 is used. When Gram-positive organisms are present, 
Gram’s method gives the best results (p. 86). If, however, 
the organisms are decolourised in Gram’s process some other 
method must be adopted. One of the best is to stain for from 
ten minutes to thirty minutes in carbol-thionine blue. Frozen 
sections may be immersed in a watch-glass of the stain ; 

M.B. 7 
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sections fixed to the slide arc flooded with the stain. Wanning 
the staining solution intensifies its action ; to do i his the watch- 
glass or slide is -warmed on a piece of asbestos cardboard placed 
over a Bunsen flame, or a penny may be healed in 1 he I > unsen 
and the preparation laid on it, the coin being re healed as 
often as required. The stain may he prevented from Hooding 
the slide by confining it between grea.se lines as described for 
films (p. 82). After staining, the sections are well rinsed in 
distilled water and then slightly deed our ise< l by rinsing for half 
a minute or so with 1 per cent, acetic acid in distilled water. 
Oarbol-methylene blue or Loftier’ s methylene blue may be 
used instead of the carbol-thionine blue, the staining taking 
from a few minutes to half an hour. If a contrast stain be 
desired, the sections may be treated for a few seconds with the 
eosin solution after the dilute acetic. If staining be prolonged, 
evaporation must be prevented by covering the watch-glass 
of stain, or by placing the slide flooded with st ain on a piece, of 
wet blotting-paper on a tile and covering with the lid of a 
Petri dish. 

When nothing is known respecting the organism present, 
all three methods — the acid-fast, dram’s and oarbol-t hionine 
blue, etc, — should be tried on different sections. 

After staining, the section for examination must be mounted 
under a cover-glass temporarily in cedar-oil, or permanently 
in xylol balsam. In order to mount in those agent s, 1 he section 
must be dehydrated and cleared. The section is rinsed with 
water to remove the stain, and is then immersed first in 
absolute alcohol, next in xylol, and finally a. drop of cedar 
oil or balsam is put on and a cover-glass applied. 

The micro-organisms in sections stained with the blues are 
very liable to become decolourised unless the dehydration is 
expeditiously performed. To avoid this, dehydration may 
he performed with anilin instead of with alcohol. The section, 
after being blotted, is treated with fresh anilin two or throe 
times, then with a mixture of equal parts of anilin and xylol 
and finally with xylol. 

Preservation oe Cultures. 

Gelatin and agar cultures may be satisfactorily preserved by 
submitting them to the action of formaldehyde vapour for some 
hours by soaking the wool plug of the culture tube in formalin and 
plugging the tube with it. The tube may then be sealed with 
gutta-percha tissue, sealing-wax, or paraffin wax, or best of all in 
the blowpipe flame, Plate cultivations may also be exposed to 
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the vapour and the lid of the dish afterwards cemented oe, or the 
cultures may he made in the flat bottles (“ Soyka’s bottles’ 5 ) 
devised for the purpose, and after development treated like tube 
cultures. 

Preservation of Pati-iorooicar Specimens. 

These may be preserved in the ordinary way in spirit, but a 
much better method, by which the natural colour of the specimen 
is retained, is the following. The specimens are first washed in 
water, and then placed in the following solution for twenty -four 
to forty -eight hours : 

Formalin ....... 6 parts 

Sodium chloride ..... 1 part 

Sodium sulphate ..... 2 parts 

Magnesium sulphate ..... 100 parts 

After being taken from the formalin solution the specimens are 
placed in methylated spirit for ten minutes, and then m a fresh 
bath of methylated ; in this the colour to a large extent returns, 
and they should be carefully watched and not allowed to remain 
in it for more than an hour. They are then mounted m the 
following mixture : 

Glycerin ....... 400 c c. 

Potassium acetate ..... 200 grm. 

Water ....... 2,000 c c. 

A trace of formalin should be added to this. 

Del6pine described an “arsenious acid jelly” method for pre- 
serving pathological specimens ( Jonrn . Bathol . and Barter., vol. 
xviii, 1914, p. 345). 

The author has preserved meat infected with B . prodigiosus 
very satisfactorily by the following method. Slices were cut off 
and placed in the formalin solution given above for a few hours. 
They were then well drained and placed m suitable glass capsules. 
Ordinary nutrient gelatin was melted and sufficient poured m to 
cover the specimens, and when it had set a little formalin was 
poured on and allowed to remain for a few days. It was then 
poured off and the glass top cemented down. 
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METHODS OP INVESTIGATING JV1 IGROBIAL DISEASES -Til K 
INOCULATION AND DISSECTION OE ANIMALS HANGING- 
DROP CULTIVATION— THE MICROSCOPE ULT1I MICRO. 
SCOPIC ORGANISMS— THE BACTEIUOP HAG E. 

The systematic study of a condition dependent on the 
activity of micro-organisms is in many instances no light 
matter. When only one or two forms are present, and these 
are readily cultivated it may be comparatively easy, but when 
there are many the investigation may become exceedingly 
complicated. The first step to be taken is to ascertain by 
careful microscopical examination whether micro-organisms 
be present, and if so, their general characters, and their dis- 
tribution, both in fresh unstained and in stained preparations, 
and if possible at different stages of the disease, in disease 
conditions, for example, the blood and secretions may be 
examined both before and after death, but it should be remem- 
bered that soon after the fatal event adventitious organisms 
become diffused throughout the body, gaining access from the 
air and from the intestinal tract If organisms be detected 
an attempt should he made to determine whether any form is 
predominant and if this is constantly present at different st ages. 
If organisms are found, it simplifies matters, but if not, it 
cannot therefore he said that they are absent, for they may 
he relatively few in number or be in a degenerate condition, 
and consequently be missed in a microscopical examination ; 
or they may be confined to a particular locality or tissue, 
or he visible only at one stage of the infection. In addition 
to the microscopical examination, cultures must be made 
aerobically and' anaerobically on various media, those media 
being chosen which will probably be suitable for the growth 
of the particular organism present (see p. 68). In addition, 
it will in most cases he advisable, and in all safer, to 
make plate cultivations or modifications thereof (p. 69), in 
order to isolate the various species. Having obtained pure 
cultivations, it will be necessary to determine the species 
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of organism,* if it has been previously isolated and described, 
or to give a careful description of it, if it be a new one, for 
the use of subsequent investigators. In the identification or 
description of an organism all the following features should be 
carefully noted : 

1. The size and morphology of the organism under various con- 
ditions. The number and arrangement of flagella, if present. 

2. Sporulation. If present, the conditions under which it occurs, 
the size, shape and position of the spore within the cell, and any 
peculiarities m its germination. 

3. The peculiarities of staining, and the staining reaction with 
G-ram’s and the Ziehl-Neelsen methods. 

4. The behaviour towards oxygen — is it aerobic or anaerobic % 

5 The characters of the colonies in gelatin, agar, and other 

media, both surface and deep. 

6. The characters of the growth on a variety of culture media 
at different temperatures — for example, for a pathogenic organism, 
on blood-serum, agar, and gelatin (surface and stab cultures), m 
broth and on potato ; liquefaction or not of the gelatin ; the 
growth in milk, with or without curdling, and the reaction therein ; 
and the fermentation reactions with carbohydrates, glucosides, 
alcohols, etc. ; the nature of the gas, if any, formed therefrom, 
and the H : C0 2 ratio. 

7. The range of growth at different temperatures. 

8. The reducing power by growing m methylene blue broth 
which becomes decolourised, or by the formation of nitrites in a 
solution containing nitrates. 

9. The production of indole 

10. The production of pigment and the conditions under which 
it occurs. 

11. The pathogenic action on various animals. 

12. The chemical changes which it induces 

13. The thermal death -point and the action of germicides and 
antiseptics upon it (see Chapter XXIII ) 

14. The serological relationships of the organism. 

Fox descriptive purposes, culture media of standard reaction 
should always be employed, and the reaction of the medium 
stated (p. 48). 

It must never be forgotten that under cultivation the pro- 
perties of organisms may be considerably modified, and due 
allowance must be made for this. Fox example, pathogenic 

* The descriptions of a large number of species of bacteria have been, 
collected and tabulated in convenient form in Bergey's Manual of Deter- 
minative Bacteriology (Williams and Wilkins Company, 1923). 
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organisms may lose their virulence more or less completely, 
pigment production be lost, and fermentative action modified 
(see also p. 11). 

To obviate these difficrilties the organisms should be culti- 
vated under as nearly natural conditions as possible and sub- 
cultivation avoided so far as can be. No general rule can be 
given as to the duration of life of cultures on artificial media. 
Most organisms will retain their vitality for at least three or 
four weeks without being transferred to a fresh soil, some for 
many months ; a few must be sub-cultured every week, or 
even every three to four days, or they will die out ; while there 
are still a small number which have wo far rarely or never been 
cultivated. On the whole, organisms retain their vitality best 
on gelatin. 

For an organism to retain its virulence it is, as a rule, 
necessary to pass it through a susceptible animal at intervals, 
and to increase the virulence recourse must be bad to a succes- 
sion of passages through animals. In this way the virulence of 
organisms has been increased to a point far greater than is 
ever met with naturally, as in the case of the St re pto coccus 
pyogenes. If an organism retains its virulence even slightly, 
it is generally possible, by employing large doses, to increase 
this by passage through a susceptible animal . Another method 
is to inject along with it some other pathogenic form, such as 
the Streptococcus pyogenes ; the combination will kill the 
animal, and the slightly virulent organism can bo recovered 
and will be found to have increased in virulence. A third 
method is to inject the organism into a susceptible animal 
together with a lethal dose of toxin obtained from a virulent 
form of the same species, or with some substance, such as lactic 
acid, which lowers the vitality of the tissues. The slightly 
virulent organism will then be able to grow under the more 
favourable conditions, and a form which has become completely 
non- virulent may regain its lost virulence. But an organism 
which has its virulence increased for one animal may have 
it diminished for other animals. 

Collodion sacks may he used to study the action upon animals 
of the dialysable products produced by micro-organisms which 
do not form any appreciable amount of toxin in vitro, for culti- 
vating species which are difficult to grow by ordinary methods, 
for studying the phenomena of infection when the micro-organ- 
isms are protected from the phagocytes, and for other purposes. 
A glass rod or small test-tube, according to the size desired, 
is dipped into a beaker containing the ordinary (not flexible) 
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collodion, is then withdrawn and allowed to dry, and the 
process is repeated two or three times. In order to detach the 
collodion from the glass, the whole is dipped for a few seconds 
alternately into strong spirit and into water ; the collodion , 
loosens, and may be easily peeled off the glass. The sack may 
be sterilised by placing m a test-tube and heating to 150° G. 
in the hot-air steriliser 

For the inoculation of animals various methods may be 
adopted. Thus, after clipping the hair, the organism may be 
introduced by rubbing into the skin after scarification, or, 
a small incision having been made through the skin, a small 
quantity of a culture may be introduced on a platinum needle ; 
or a broth culture or an emulsion, made with sterilised water 
or broth, may be injected with a sterilised syringe subcuta- 
neously, intravenously, intraperitoneally, or into the muscular 
or other tissues or organs as required, since the site of inocu- 
lation may have to be varied for the different species to produce 
their pathogenic effect. For injection purposes an all-glass 
syringe is the best form but is expensive and fragile ; one 
with metal piston and glass barrel is generally employed. 
Several sizes, 1 c c., 2 c c., and 5 c c. at least, are required, and 
the barrels should be graduated. Before use the syringe 
should be taken to pieces and the parts with the needle should 
be sterilised by boiling for ten minutes, and after use the same 
procedure may be adopted. The needles should be wiped dry 
and a wire inserted, or they may be kept m xylol. 

Guinea-pigs and rabbits are usually inoculated m the thigh 
or abdomen , mice in the dorsal region or at the root of the 
tail (dorsally), the hair being clipped and the skm disinfected, 
but this is not generally necessary. Numerous mechanical 
holders have been devised for annuals, but are not as a rule 
required. Babbits may be inoculated intravenously by one of 
the large veins m the ear The ear is shaved, and the skin is 
well washed with a little alcohol with vigorous rubbing ; the 
base of the ear is lightly pinched so as to obstruct the venous 
but not the arterial circulation and render the vein prominent, 
and the injection is made with a small syringe fitted with a fine 
needle, the needle being passed into the vein towards the base 
of the ear. After the withdrawal of the needle the wound is 
compressed for a little and may be dressed with some antiseptic 
wool and collodion. 

Caged animals frequently gnaw the carcases of their dead 
companions, so that if a 'post-mortem is required, it may be 
advisable to keep each animal in a separate cage. 



104 A MANUAL OF BACTERIOLOGY 

Tlie phenomena occurring after inoculation must, he noted. 
These are not usually very obvious in rodents, but loss of 
appetite, sluggishness* staring coat, convulsions, etc., may he 
observed. The weight of the animal is frequently a guide to 
what is happening. Rapid loss of weight indicates a serious 
infection or toxasmia, while a preliminary loss of weight 
soon regained indicates recovery or at least a temporary 
improvement. The temperature in the rectum may also he 
taken, hut is not a sure index, as variations occur m the guinea- 
pig and rabbit from mere handling or other slight causes. The 
temperatures of the guinea-pig and rabbit are 39 1 (t and 
39*5° C. respectively, but vary from about two degrees below 
to a little above these figures. 

The examination of the dead animal should be carried out 
with as little delay as possible. For dissection, the body 
should be pinned out on the back on a board, which may 
stand in a shallow enamelled iron pan, by pins or nails through 
the feet, and the abdomen well soaked with antiseptic solid ion, 
not so much to sterilise the skin as to proven it the. hair from 
getting into the incision ; to obtain complete sterilisat ion of 
the skin, it is preferable to clip or shave the hair and t hen sear 
with a red-hot iron. Knives, forceps, scissors, etc.., should be. 
well boiled in an enamelled iron mug or pie-dish, the water 
being kept boiling during the progress of the dissection. A 
little sodium carbonate may with advantage be added to the 
water. A small enamelled iron fish-kettle, with perforated 
strainer forms an excellent steriliser for instruments, or a 
surgical instrument steriliser may be used. An incision is 
made through the skin which is reflected and pinned out. 
The body cavities are then opened and finally t he organs 
and other tissues are exposed and examined. The instruments 
employed should he rinsed frequently in the boiling water or 
changed for fresh sterile ones. 

During the progress of the dissection the condition of the 
tissues at the site of inoculation should be noted, and likewise 
the conditions of the serous membranes and the various organs. 
In many infections the organism is met with most abundantly 
in the spleen, in others in the blood, and in souk 4 at. the site of 
inoculation. For a systematic examination, film specimens 
and cultures on two or three media, aerobic and anaerobic, 
should be prepared from the site of inoculation, the spleen, 
liver, lungs, and heart-blood, and in some cases from the 
serous membranes, muscles, or central nervous system in 
addition, the carcase being in the intervals covered with a 
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bell-jar, cloth, or filter-paper moistened with antiseptic 
solution. An assistant is often useful or even necessary. The 
greatest care must be taken to avoid dropping or splashing or 
otherwise disseminating infective material, any stains being 
immediately swabbed up with antiseptic solution ; the 
operator must exercise every precaution to prevent the 
infection of himself and others. It is convenient to have some 
efficient antiseptic solution near at hand ; it may be kept in a 
large bottle on a wall bracket and drawn off as required by a 
syphon tube provided with a tap or spring clip. The most 
generally used antiseptics are 5 per cent, carbolic and 1—500 
corrosive sublimate, but 2 per cent, cyllin or kerol, or, par- 
ticularly for sporing organisms, 5 per cent, bacterol, is more 
efficient. The access of flies to the carcase must also be 
prevented, as they may carry infection. When the examina- 
tion is finished, the carcase must he efficiently disinfected and 
disposed of without delay, preferably by burning it, together 
with the board on which it has been pinned out. 

If the carcase be left for even a few hours before the exami- 
nation is carried out, especially in warm weather, the tissues 
are liable to become invaded by organisms wandering from 
the respiratory and digestive tracts. In the post-mo) tern room 
infection of the tissues is very common, and Ford states that 
bacteria are frequently present even in the organs of normal 
animals, killed and immediately examined (in sixty-nine 
organs out of ninety-six examined from thirty-four animals).* 

When the blood of an animal is required several expedients 
may be adopted From large animals, like the horse, sheep, 
and goat, it may be obtained by passing a hollow needle into 
the external jugular vein (which runs superficially on either 
side of the under part of the neck) and allowing the blood to 
drip into a test-tube or flask. In the case of small ammals not 
again needed, the animal may be decapitated or the throat 
may be cut, and the blood collected in a porcelain dish ; but 
if a sample only is wanted, and the animal has to be further 
treated, as in immunity work, it is generally possible to bleed 
from a superficial vein. In the guinea-pig the needle of a 
syringe may be passed into the heart and 2-3 c.c. of blood 
withdrawn without injury to the animal , smaller quantities 
may be obtained from a superficial ear vein. In the rabbit, 
blood may be obtained by passing the point of a fine glass 
pipette, or the needle of a syringe, into one of the ear veins and 


* Journ . of Hygiene , vol. i.. No, 2, 1901, p. 277. 
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aspirating the blood into it. Or the vein may he panel ured 
and the blood allowed to drip into a small tube. 

Blood may be obtained from a patient for the ngglut inal ion 
or the Wassermami reaction, or for microscopical examination, 
by pricking the finger or the lobe of the ear or the thumb (out er 
surface in a line with the root of the nail) with a sterile, surgical 
needle, triangular or flat, or with half a steel pen (nib) or a 
glass point ; for disinfection, the skin may be rubbed with a. 
little alcohol ox ether. After swinging the arm and winding 
a piece of rubber tubing round the finger or thumb and 
pricking 1-3 c.c. may generally be obtained. Larger quantities 
must be obtained by puncture of a vein with a hollow needle. 
The blood may be collected in a small test-tube, in vaccine 
tubes or in Wright’s capsules (Fig. 31, p. 197) (see also under 
“ Wassermann test ”). Small tubes may be stuck into blocks 
of plasticine for support. 

When small tubes with contained blood arc to be sealed in 
the flame, care should be taken that one end only is soiled with 
the blood, and the unsoiled end should be sealed first so as to 
obtain a perfect seal. If centrifuged to obtain the serum 
this sealed end should be peripheral. 

In natural infections in man, organisms are usually present 
only in small numbers in the blood, and for demonstrating 
them by culture methods it is necessary to withdraw 2 5 c.c. 
from a superficial vein in the fore-arm or at the bend of the 
elbow by means of a sterile syringe under aseptic conditions ; 
the. vein may be rendered prominent by winding rubber 
tubing round the upper arm so as to obstruct the venous, but 
not the arterial, circulation. Broth tubes or agar plates are 
inseminated each with 0*5-1 c.c. of the blood. Douglas and 
Colebrook recommend trypsin broth for this purpose, 
broth to which 5 per cent, of Allen and Hanbury’w compound 
solution of trypsin has been added after sterilisation. The 
blood is better not citxated. 

Although the modern methods of isolation and cultivation have 
rendered immense service to bacteriology, they have also had the 
effect of diminishing the attention paid to the exact morphology 
and "biology of organisms. At the present time there is a tendency 
to investigate bacteria in bulk rather than to study them as indi- 
vidual living forms. 

The bacteriologist’s method of describing species by the appear- 
ances of the pure cultures, etc., ce may be compared to what would 
happen if we were to frame our notions of species of oak or beech 
according to their behaviour in pure forests, or of grass or clover 
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according to the appearance of the fields and prairies composed 
more or less entirely of it, or — and this is a more apt comparison, 
because we can obtain colonies as pure as those of the bacteriologist 
— of a mould fungus according to the shape, size, and colour, etc., 
of the patches which grow on bread, jam, gelatin, and so forth.” 
(Marshall Ward.) 

Examination of Living Organisms. 

Examination in the fresh and living condition is an essential 
procedure in the investigation of micro-organisms. This may 
be done by placing a droplet of sterile water, broth, or salt 
solution on the slide, inoculating with a trace of the material 
or growth, and covering with a cover-glass. The action of 
stains and reagents on the organisms may be observed by the 
irrigation method. A drop of the stain or reagent (c. Fig 21) 
is placed on the slide, a, just in contact with one margin of the 
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cover-glass, B, of such a “ wet preparation, 5 ’ and is drawn 
through the preparation by means of a small piece of filter- 
paper, d, with torn edge placed on the other side. 

The filter-paper absorbs the fluid from under the cover- 
glass, leaving the cells and other particles behind, and at the 
same time the reagent on the opposite side hows under the 
cover-glass to take the place of the absorbed fluid. The excess 
of the reagent or stain may afterwards be washed away by 
irrigating with water in a like manner. The upper surface of 
the cover-glass must be kept dry. This method may be applied 
while the specimen is being examined under the microscope, 
and the action of the reagent on a particular cell or granule can, 
with a little care, be observed. If it be desired to avoid pressure 
of the cover-glass, a fine hair or bristle may be arranged on the 
slide so that one edge of the cover-glass rests on it. In order 
to prevent evaporation, if the preparation has to be observed 
for any length of time, a ring of oil or vaseline may be painted 
round the margin of the cover-glass so as to seal it. 
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A simple method for keeping organisms under examination 
for a lengthy period of time, and of watching their growth 
and development, is by the use of hanging-drop preparation#. 
To prepare a hanging drop, a ring of vaseline is painted round 
the margin of the hollow of a hollow-ground slide (or other 
cell, see below). A cover-glass is sterilised by Hauling in the 
Bunsen, care being taken not to melt it. A droplet- oi some- 
sterile fluid medium — water, broth, wort, sugar solution, etc. 
— is then placed in the centre of the cover-glass with a sterile 
platinum loop. This droplet is then inoculated with the 
organism which is to be observed, care being taken not to add 
too many organisms — a few isolated organisms and small 
groups in each field is what is required The prepared cell is 
now taken and turned over, vaselmed surface downwards, and 
is then applied to the cover-glass in such a way that the droplet 
is situated m the middle of the hollow, but not touching the 
slide at any point. The cover-glass adheres to the slide, by 
means of the vaseline, and on quickly inverting the whole, so 
that the fluid has no time to run, it will be found that the 
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droplet is hanging from the under surface of the cover-glass 
in a cell which is hermetically sealed by the vaseline, and 
evaporation is thus rendered impossible (Fig. 22). Such a 
preparation, in fact, can be kept for a week or ten days m a 
warm incubator without drying up. Great care must be 
exercised in examining a hanging-drop specimen micro- 
scopically, especially with immersion lenses, for the slightest 
pressure breaks the unsupported cover-glass. It often saves 
time first to centre the drop with the low power before examin- 
ing with the immersion lens ; an ink or pencil dot at the margin 
of the drop aids focussing. The light must be diminished, and 
artificial light is generally preferable to daylight. The central 
parts of the drop only should be examined, not the margin. 

Instead of hollow slides, various devices may be employed 
to form the cell. Metal, glass, or vulcanite rings, or rings cut 
out of thin sheet lead, tin-foil, cardboard, or two or three thick- 
nesses of paper or filter-paper may be cemented to slide# with 
vaseline, Hollis’s glue, gold size, or Canada balsam, or a thick 
ring of vaseline, paraffin, or plasticine may be used. For the 
observation of the growth of organisms like moulds, larger and 
deeper cells may be employed. 



HANGING-DROP PREPARATIONS 109 

The hanging drop is the only certain method for ascertaining 
whether an organism is motile or not — often an important clue 
to its identification. Actively motile organisms may fre- 
quently assume a non-motile resting stage, although still alive, 
and various factors may bring about this condition, such as 
old age, excessive heat or cold, accumulation of products, and 
the like. The absence of movement in a specimen prepared 
from an ordinary culture, particularly if more than a day or 
two old, does not necessarily prove that the organism is non- 
motile. A hanging drop should be prepared from a fresh 
glucose broth culture a few hours old and examined. If no 
motility is now observed younger and older cultures should 
be similarly examined ; it is only by repeated examinations 
that absence of motility can be definitely proved. It is 
necessary to beware of two fallacies in connection with 
motility — not to mistake for it the so-called Brownian move- 
ment, which is an oscillatory one around a point, and common 
to all fine particles suspended in a fluid ; and not to be misled 
by a flotation of the cells due to currents set up in the fluid 
from some cause or other — all the particles then tend to move 
m the same direction. 

Another purpose for which the hanging-drop preparation 
may be employed is that of obtaining a permanent record of 
the various phases through which an organism may pass during 
its development. If a number, say twenty, of hanging drops 
be made m an exactly similar manner with nutrient broth, and 
afterwards kept under identical conditions, and if at the end 
of every half hour one of the preparations be taken, its cover- 
glass carefully removed, and the droplet dried and stained, a 
permanent record of the life-history of the organism is obtained 
extending over ten hours. 

Yarious more elaborate forms of cells for hanging-drop 
preparations can be obtained, some being provided with inlet 
and exit tubes for the passage of various gases. For anaerobic 
preparations cells are made having a groove at the bottom into 
which a mixture of pyrogallic acid and potash is introduced. 

The observation of hanging-drop cultivations at blood-heat 
can be carried out on some form of warm stage. 

The Microscope. 

A bacteriological microscope is generally of the monocular 
form, as the ordinary binocular is unsuitable for u§e with high 
powers and with short tube length, and should be provided 
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with, a rack-and-pinion coarse adjustment and an efficient fine 
adjustment. The stage should be large and roomy a, ml quite 
plain, with two or more holes at its margin to receive spring 
clips fox fixing the slide. For the ordinary examination of 
specimens a mechanical stage is not needed, but for some 
purposes a mechanical stage is very useful, and for a critical 
survey of the whole of a specimen, eg., a blood-film, it is 
essential. If a mechanical stage be fitted, the surface should 
be fiat, and any bar, stops or clips removable ; or a detachable 
form may be employed. 

Special forms of binocular microscopes have been introduced 
by Messrs. Beck and by Messrs. Leitz which possess marked 
advantages over the monocular instrument for some kinds of 
microscopical work. 

The short ox Continental tube of 160-170 mm. is generally 
adopted, being a more convenient length to work with than the 
English tube of 250 mm. The longer the tube the greater the 
magnification, but objectives are corrected for a definite tube- 
length and should be used only for the length for which they 
are corrected. An inner extension or draw-tube, preferably 
with a rack and pinion, should be provided so that the correct 
tube-length may be used with any lens. The draw-tube, 
moreover, permits of two other corrections being made : 
(1) if a nose-piece or objective changer is used the tube-length 
is obviously so much increased and, provided the outer tube 
be not too long, the total tube-length may be reduced to the 
proper amount by sliding in the draw -tube ; (2) objectives are- 
corrected for a definite thickness of cover-glass, and if another 
thickness be used this should be corrected for. In some lenses 
this is done by the provision of a cc correction collar, 51 but 
usually there is no such adjustment, and the correction is 
effected by altering the tube length — for a thicker cover by 
shortening, and for a thinner one by lengthening (see p. 124). 
For low-power lenses these corrections are not so necessary, 
but for high-power lenses and for all critical observations, 
whether with low or with high powers, they are essential. 
Alteration of tube-length also alters the diameter of the field— 
the longer^ the tube the smaller the diameter— and a draw- 
tube permits this alteration to be made, which is very useful 
in blood work for certain counts. A distinction is made 
between mechanical tube-length and optical tube-length. The 
former is the distance between the shoulder of the objective 
when in situ on the microscope and the upper end of the tube 
and is 160—170 mm. for the short or Continental tube, the latter 
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is tlie distance between the upper focal plane of tbe objective 
and the image plane, where the image of the object would be 
found in the dr aw- tube were the eye-piece removed after 
focussing. 

A sub-stage condenser is essential for all work in which high 
powers are employed, and also enhances the value of low 
powers. It consists of a sub-stage fitting carrying a system 
of lenses below the stage, by means of which the light is con- 
centrated on the ob j ect. It should have a rack-and-pinion, or 
a screw, adjustment for focussing, and be provided with some 
form of diaphragm for modifying the angle of illumination, 
preferably an iris.” The condenser itself should be easily 
detachable so that other sub -stage fittings may be inserted. 
The condenser must be centred — that is, adjusted so that its 
optical axis corresponds with the optical axis of the objective — 
and for this purpose the sub-stage fitting ought to be provided 
with two lateral screws working at right angles to each other, 
by means of which the position of the condenser relative to 
the optical axis can be altered (see p. 119). In order to obtain 
maximum resolution with lenses of high numerical aperture 
it is necessary to employ an oil-immersion condenser of similar 
numerical aperture. With such a condenser a large drop of 
cedar oil is placed on the top lens of the condenser, which is 
then racked up until the oil touches the slide carrying the 
object, care being taken that no air bubbles are included. 
Condensers for dark-ground illumination also work in oil. 

Below the sub -stage condenser a mirror with concave and 
plane surfaces should be fitted, the plane surface being used 
with the condenser, as a general rule. The concave mirror 
may occasionally be used for illumination with low-power 
objectives, the condenser being detached or swung out of 
position. Careful illumination must be insisted upon and the 
condenser must be carefully focussed ; to obtain the best 
results the light should be readjusted for every specimen, %.e. z 
correct or so-called e< critical ” illumination should be aimed at. 
JSTot only may a good specimen be spoilt, visually, by faulty 
illumination, but a true image of the object and the full resolv- 
ing power of the objective are obtainable only by critical 
illumination. In the examination of micro-organisms in the 
fresh or living and unstained condition, it is necessary, as a 
rule , to diminish the light by means of a small diaphragm, or 
by racking down the condenser, or by both ; while for stained 
or opaque objects the full aperture of the diaphragm, or there- 
abouts, may generally be employed. It must be remembered. 
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however, that the resolving power of a lens (see below) is 
diminished by closing the diaphragm or by throwing the condenser 
out of focus ; the illumination then becomes “ non-critical.” 
For fine work, if the illumination is too intense, this should be 
reduced by diminishing the source of light or by interposing 
a screen. These points are dealt with under tc Illumina- 
tion. 55 

The lenses or objectives are either dry or immersion , the 
dry lens works with a layer of air between it and the object 
or cover-glass covering the object, the immersion lens lias a 
layer of fLuid — water in the water-immersion, and cedar- wood 
oil in the oil-immersion, forms — between it and the object. 
Whereas magnification depends upon the focal length oi the 
objective — the smaller the focal length, the greater the 
magnification — and a dry lens can be constructed having as 
great a magnification as any immersion one, resolution , that 
is, the capacity for seeing minute objects or structure, depends 
upon another factor which is summed up in the expression 
c< numerical aperture ?? ; the greater the numerical aperture 
of the lens, the greater its resolving power. For a dry lens the 
theoretical numerical aperture cannot exceed 1*0, for a water- 
immersion lens 1*33, and for an oil-immersion lens 1*515. 
The geometrical theory of the telescope and photographic 
camera is based upon the rectilineal propagation of light, but 
when we employ the microscope we may ultimately deal with 
objects which axe in size commensurable with the wave-length 
of light (say, 5-7 sou in * or //,), and they have a scattering 
effect on the light beam passing through or about them. 
Light thus scattered by small objects (or apertures) is known 
as diffracted light. Now, resolution depends upon the capacity 
of the objective to collect and pass through it this scattered 
or diffracted light, and this depends for the most part upon 
an increase in the ratio of the semi-diameter of the back lens 
to the focal length of the system of lenses of the objective. 
The more the objective can collect, admit and transmit this 
scattered or diffracted light, the better will be the definition 
and the greater the resolution. The wider the angle of view 
embraced by the lens, the angle of aperture as it is termed, the 
more will this he the case. The medical reader will appreciate 
what is meant by angle of aperture, if it he likened to the field 
of vision of the eye — a lens with a small angle of aperture is 
comparable to an eye with a contracted field of vision ; it does 
not take up widely-dispersed rays at the margin of the field. 
Abbe found that the improvement does not vary directly with 
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tlie angle of aperture, but varies as the sine of half this angle ; it 
also varies directly with the refractive index of the medium 
between the lens and the object. If u — half the angle of 
aperture and n — the refractive index of the medium, then 
numerical aperture, N.A. = n sine u. In practice, the numerical 
aperture of a dry lens rarely exceeds 095, of a water -immersion 
lens 1-15, and of an oil-immersion lens 1*4. With the lower- 
power dry lenses, numerical aperture is co-ordinated in manu- 
facture with the magnifying power, for Abbe showed that the 
number of lines to the inch which a lens will resolve, or show 
visually, is equal to twice the number of waves to the inch of 
the light employed multiplied by the N.A. Now a ^ in. dry 
objective with a high (10) eye-piece gives a magnification of 
about 200 diameters, so that lines separated by 5 - 0 , 0 oo ^ n * ' wo '&ld 
appear as if separated by in., and this interval is just 
appreciable by the best normal eye. That is to say, up to 
50,000 lines to the inch, but not more, are resolvable under 
these conditions. But the N.A. required for this is only about 
*53, and it is, therefore, no use making it much more, so that 
for the best ^ in. objectives a standard N.A. of about *65 has 
been adopted. 

Three facts emerge from the foregoing : (1) the higher the 
refractive index of the medium between lens and object, the 
greater the resolving power, hence, the value of the oil- 
immersion system — the refractive index of air being 1*0, of 
water 1*33, and of oil 1*515 ; (2) the shorter the wave-length 
of the light employed in illumination, the greater the resolution 
of a given lens. Hence, if monochromatic light towards the 
violet end of the spectrum be used instead of ordinary white 
light, resolution is increased. Photographically, rays beyond 
the visible spectrum, ultra-violet rays, may be used, and 
resolution can be almost doubled thereby. But the result 
can only be registered on a photographic plate, as such rays 
are invisible to the eye, and special optical systems of quartz, 
which alone is transparent to the ultra-violet rays, must be 
employed ; and (3) within certain limits, the greater the resolv- 
ing power, the greater must be the magnifying power of the 
lens in order to utilise it. Hence, for the lower-power lenses 
it is no use having too great a N.A. Conversely, a certain 
magnifying power having been reached, it is no use increasing 
the magnification, for no more will be seen unless the resolving 
power can also be increased. So that the old idea of lenses of 
in., etc., is now obsolete. The immersion system enables 
rays to be taken up by the objective, which with a dry system 
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could not be. This is illustrated diagrammatical lv in Fig. 2:1, 
which shows the course of two light ra.ys. One, Y ///, with a 
dry lens, would be refracted on emerging from ( lie cover-glass 
into air, pursue a direction Iw and would not be taken up by 
the lens. The other, efk, would be totally reflected by the 
cover-glass, would then pursue a reverse direction, /rl*. and 
similarly would not be taken up by a dry lens. If, however, 
the lens be an immersion one, with oil between cover-glass and 
lens, the refraction of the one ray and the reflection of the 
other do not take place, the two rays pursue courses tv and kv' 
respectively, and are taken up by the lens. The. use of the 



Fig. 23. — Diagram to illustrate the course of ra^N of light through 

an objective 

oil between lens and cover-glass practically converts slide, 
balsam mount, cover-glass, oil and front lens of ihe objective 
into a homogeneous layer, for they all have approximately 
the same refractive index, and a light ray, therefore, travels 
in a straight line through them. 

The construction of the two systems is different, so that a 
dry lens can only be used dry, and an immersion one immersed. 

The maximum resolving power of a dry lens (N.A. - 1*0) 

using oblique illumination with ordinary white light is about 
90,000 lines to the inch, of a water-immersion lens (N.A. 1*2) 
about 110,000 lines to the inch, and of an oil-immersion lens 
(N.A. = 1*4) about 127,000 lines to the inch. Resolution with 
the latter, by the use of monochromatic short wave-length 
light, may be increased to about 146,000 lines to the inch, and 
by the use of special high-refractive mounting media, to about 
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160,000 lines to the inch, but this is the limit. That is to say, 
an object less than about 0T6 fju cannot be seen visually with 
the microscope, however perfect the lenses are and however 
great the magnification is This, in fact, is the limit of micro- 
scopic resolution. In actual practice the limit is reached at 
about 0*25 /x, for other factors have also to be taken into 
account (such as the distance of the particles viewed from one 
another, and the difference between the refractive index of the 
particles and that of the medium), so that only under special 
and limited conditions can the full resolving power of the best 
oil-immersion objectives of N.A. = 1*4 be made use of. It is 
true that with an apparatus known as the ultra-microscope, 
which consists essentially in viewing on a dark background 
the objects illuminated with a powerful transverse beam of 
light, it is possible to render visible particles of dimensions 
far below this, but the particles appear merely as points of 
light — no form or structure is visible. What has happened is 
that the light striking the particles is 44 scattered ” or diffracted, 
and the area of the scattered light, provided the beam of light 
be sufficiently powerful, is large enough to be visible. 

Lenses or objectives are of two kinds, achromatic and 
apochromatic. In the achromatic objective, the constituent 
lenses are constructed by cementing together elementary 
lenses of crown and of hint glass m order to correct for spherical 
and for chromatic aberration. The rays passing through the 
centre and the margin of a simple lens are not focussed at the 
same point ; this is spherical aberration. If uncorrected, it 
results in a blurred image , it could be obviated to some 
extent by 4 4 stopping out ” the marginal rays with a diaphragm, 
but this procedure diminishes the angle of aperture and, 
therefore, the N.A. and resolving power. Similarly, the rays 
at the red and violet ends of the spectrum are of different 
refrangibility, and, a simple lens acting like a prism, coloured 
fringes are observed , this is chromatic aberration. By 
suitable combinations of lenses of crown and of flint glass, both 
these defects of a simple lens can be to a large extent corrected. 
In the apochromatic system of lenses these defects are still 
more perfectly corrected by the use of special glasses with 
fluorite, correction being partly effected in the objective and 
completed in the eye-piece or ocular. With apochromatic 
lenses, therefore, special eye-pieces or 44 compensating oculars S5 
must be used. In ordinary bacteriological work apochromatic 
objectives, which are relatively costly, are not essential, and 
achromatic objectives of considerable perfection are obtainable. 

8 2 
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But for the best work, involving resolution of the finest micro- 
scopic structure, apochromatic objectives surpass achromatic 
ones ; they are also better for photomicrography. Another 
advantaged apochromatic lenses is that, being more perfectly 
corrected than achromatic ones, higher eye-pieces may be 
employed and the same magnification obtained with a lower- 
power objective. Thus, a * in. or i in. oil-immersion apochro- 
matic lens will do all the work that a, in. oil-immersion 
achromatic one will do (provided, of course, they have the 
same N.A.), with the added advantages of greater working 
distance, larger and flatter field, more penetration and more 
illumination. 

The bacteriological microscope is usually supplied for 
ordinary work with three achromatic objectives at least — 
a f in. and a in. dry, and a r h in. (2 mm.) oil-immersion, the 
last-named of N.A... of about 1*3. Two eye-pieces or oculars 
are required, a 1 and a 3, or an A and a (1, according to the 
designation employed, magnifying about four, and six or eight, 
times respectively. It is probable that in the future, oculars 
will he marked in accordance with their magnifying power 
(e.g., X 4), instead of being designated by numbers or letters. 
While objectives nowadays are always provided with the 
standard screw of the Boyal Microscopical Society and 
will fit on to any microscope, oculars vary a good deal in 
diameter ; the B.M.S. has, however, proposed to standardise 
these to three sizes. Oculars that are too small to fit- the 
tube of a particular microscope may be provided with an 
adapter. 

The in. objective should be of long focus, so that it will 
work through the thick cover-glasses of the luemocytometer. 

If dark-ground illumination is to he used, the \ in. oil- 
immersion lens of Zeiss is one of the best. If funds permit, 
apochromatic objectives will be chosen — of similar power to 
the achromatic ones mentioned above. This will also entail 
the purchase of a set of compensating oculars. If expense he 
no object, the Zeiss in. (3 mm.) oil-immersion objective of 
N.A. 1*4 is one of the finest that can be obtained, and may 
take the place of a ^ in. oil-immersion for all purposes. It 
must be noted, however, that oil -immersion lenses of 1-4 N.A. 
are more cc fragile ” than ones of 1*3 N.A., because, in order to 
obtain the wide angle necessary for the high N.A., the front 
lens has to be made hyper spherical and the cell or metal 
setting of the lens has to he thinner, and the hold on the lens 
is, therefore, not so firm. Lenses known as semi-apochromats 
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are also to be bad. Fluorite is used in tbeir construction, and 
tbe corrections are more perfect tban in tbe achromats, though 
not so perfect as in the apochromats. Their price is lower than 
that of the apochromats, and no compensating oculars are 
necessary. A ^ in. oil-immersion semi-apochxomat of N.A. 
1*3, or a little over, is a very serviceable lens. The oil-immersion 
objectives must be wiped clean after use with a soft silk rag 
or Japanese paper. Sticky or dry oil may be removed with the 
same, moistened with xylol (not spirit). 

For convenience of work, most microscopists employ a 
double or triple nose-piece, so that the objectives may be 
changed by simply rotating the nose-piece. This adds 
15—20 mm. to the length of the tube, and must be compensated 
for in fine work by adjustment with the inner draw-tube. A 
rotating nose-piece, moreover, rarely or never optically centres 
the objectives attached to it. If absolute centration be 
required, as it is in critical observations, the objective should 
be screwed directly on to the tube unless Zeiss objective 
changers are employed. These consist of a special female slide 
attached to the tube, and a male slide to fit it attached to each 
of the objectives. By means of two screws working at right 
angles to each other on the male slides each objective may be 
accurately centred once and for all. The Sloan objective 
changer is another and cheaper device to effect the same end 
(manufactured by Messrs. Beck) In order to centre the 
objective changers, select any object having some feature 
plainly visible with the lowest power, e.g ., a tissue section 
with cross-section of a small vessel. Attach the lowest avail- 
able objective directly to the tube of the microscope and adjust 
the object in the centre of the field. Unscrew the objective 
and attach the tube-slide to the microscope. Screw the same 
objective to its sliding changer and place on the microscope. 
Now view the object, and by means of the two centring screws 
bring the image to the centre of the field ; the ob j ective will 
now be centred to the axis of the body tube. The same 
procedure is carried out with the other objectives, each of 
which has its own sliding changer, which is left attached to 
the objective. 

The magnifying power of the optical system may be arrived 
at in the following way. It may be taken that a 1 m. objective 
with a tube length of 250 mm. has an initial magnification of 
10 diameters ; if the tube length be 170 mm., the magnification 
170 

is X 10 = 7 nearly. With a in. lens, the magnification 
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1 YO 9 

— x 10 X J — 14, ami so on. The initial magnification 

250 ' 1 

of tlie lens is, however, also magnified by the ocular ; if the 
ocular be a X 4> the final magnification with the l in, objective 
and 170 mm. tube would be 28 diameters. 

ILLUMINATION. 

Witb regard to illumination, daylight from a north window, 
may be used for low powers, but oven for those ts frequently 
insufficient in this country, Failing this, and tor all high- 
power work, some artificial Ilhnmnant must- be employed. 
An ideal illuminant is bard to find- it must be steady, as 
structureless as possible, and tlie source should be quite small 
in area. The “ Pointolite 51 electric lamp of the Kdiswan 
Company probably fulfils these conditions more nearly than 
any other form of lamp. In it a small bull of tungsten is 
rendered incandescent — it us bright enough for all purposes, 
is steady, and the source of light is small and structureless. 
Small electric arc lamps are suitable only for photomiero- 
graphic work. 

For general use metallic filament electric lamps are eon 
venient, but the bulbs must be frosted. They have the dis- 
advantage that the source of light is a very extended one, 
particularly if considerable illumination is required. A form 
by Stearn, the cc Zigzag,” is the most suitable. The Kernst 
electric lamp enclosed in a shade (Barnard pattern) was very 
good, and will probably be soon procurable once more. If gas 
only is available, the incandescent mantle lamp may bo used. 
The grain of the mantle is, however, visible when the* con- 
denser is in use and focussed ; a fine ground-glass screen may 
be interposed or, for this and also for filament electric lamps, 
a round clear-glass flask filled with water tingl'd with am- 
moniacal copper solution may be interposed. This device 
annuls the structure of mantle or filament and gives a beauti- 
fully soft light. 

Barnard has devised a gas mantle lamp in which the mantle 
is made into a roll, and the end of the roll projecting from a 
tube-holder is rendered incandescent in a Bunsen flame. 

If neither electricity nor gas be available, an acetylene 
bicycle lamp may be utilised. Failing all these, the micro- 
scopist will have to fall back on a good paraffin or other oil 
lamp, special forms of which are supplied for microscopical 
work but are not essential. (Bunsens working with spirit are 
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procurable, so that the Barnard mantle lamp might be used 
in the absence of gas.) 

A bull’s-eye condenser on stand is a useful adjunct* as by 
means of it the light from any source may be collected and 
focussed on to the mirror. 

The light, from whatever source, may be modified in various 
ways. A smoked or blue-tinted glass may be interposed, and 
many condensers are fitted with a special cell to hold a disc 
of the tinted glass. Monochromatic light filters are supplied 
by the Kodak Company. A narrow glass cell filled with a 
coloured solution may also be employed. Such a cell may be 
constructed by placing a piece of rubber tubing (J— | in. 
diameter) between two pieces of clear sheet glass and clamping 
the two plates together with a couple of strong spring paper 
clips. The rubber tube is bent round so as to form the bottom 
and edges of the cell. The whole is supported in a wooden 
stand or with a wooden burette clamp. The best solutions to 
employ m such a cell are (1) for blue light, ammoniacal copper 
sulphate solution ; (2) for green light, a solution of chromic 
acid and of nitrate of copper, mixed in suitable proportions 
(the larger the proportion of the copper salt the greener the 
tint) ; (3) for yellow light, either chromate of potash or picric 
acid. 

The round glass flask filled with water tinged with am- 
moniacal copper solution, already referred to, gives a beauti- 
fully soft light. The mercury vapour lamp may also be used 
m combination with the special screens made by the Kodak 
Company for use with this light, so that monochromatic blue, 
green or orange light is obtained (Barnard). 

As a general rule the microscopist should employ only 
sufficient light to render the object examined clearly visible. 
Too much light is fatiguing to the eye and may drown fine 
details of structure. Both eyes should, of course, be kept open 
during microscopical examination ; a little practice soon 
enables this to become automatic. A sheet of vulcanite may 
be attached to the eye-piece, so as to screen the eye which is 
not being used. 

Optical Centration and Adjustment. 

We now come to the most important part of microscopical 
adjustment, viz., proper centration of the optical system and 
illumination, which is essential for correct illumination. First 
of all the illuminant should be placed in a direct line with the 
microscope and adjusted as regards distance, so that the light 
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is central on the mirror, t he flat surface of which is always used 
with the condenser, and will he projected up the optical axis 
when the mirror is at an angle of about *15 degrees. In order 
to centre the condenser it should be racked up to the full 
extent and the § in. objective with a low eye-piece used. 
The iris diaphragm is contracted to a point, and by racking 
the objective up and down the hole in the diaphragm is 
focussed. This should he easy with a little adjustment of the 
mirror, unless the condenser is hopelessly out of centre. If 
this he the case the field will remain dark in spite oi adjust- 
ment of the mirror. In this event the iris diaphragm should 
be opened until illumination is obtained, and an edge of the 
diaphragm hole may then be focussed, and if will be seen in 
what direction the condenser is out of centre. By turning the 
centring screws of the sub-stage fitting in the right directions, 
the condenser can then be approximately centred. The dia- 
phragm is then closed to a point and further central um 
adjusted in the same manner. The ,* in objective may now 
be substituted for the | m. and the same procedure repeated, 
so as to obtain centra tion more exactly. 

These adjustments assume that the diaphragm is itself 
accurately centred, which is by no means always the ease. 
This can be detected after centring has been performed, as 
described above, by the illumination on one side of the dia- 
phragm hole being brighter than on the other side. If it. be 
impossible to obtain equal illumination al 1 round the diaphragm 
hole, the diaphragm is not centred and must be returned to 
the makers for adjustment. 

Dabk-gkround Illumination*. 

By this method the objects appear illuminated upon a dark 
background. This may be accomplished by introducing a 
ec stop/ 7 such as a disc of metal or other opaque material, at 
the central area of the lower surface of the condenser, as in the 
old tc stop lens. 77 By this means all centra] light is cut off and 
the field appears dark or black. If small objects be then 
viewed with this arrangement, a certain amount of light 
diffuses in laterally, and, if it strike the objects, illuminates 
them, so that they appear visible on the dark background. 
This is briefly the principle of dark-ground illumination, but 
it is obvious that by this simple arrangement only a small 
amount of light will reach the objects, and in quite a haphazard 
way. 
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In modern dark-ground illumination special Cf dark-ground 
condensers axe employed. A similar central Ci stopping-out 55 
of the ligkt is obtained, as in the above -described method, 
either by the use of an opaque disc on the bottom of the con- 
denser, as in the Zeiss paraboloid, or by reflecting the central 
rays by a special construction of the condenser, as in the hertz 
spherical surface-reflecting condenser. In the Zeiss paraboloid 
the marginal parallel rays of light strike the lateral surface of 
the condenser, which is ground to a paraboloid form, and are 
thence reflected so as to come to a focus on the object on the 
slide. In the Leitz reflecting condenser, a hemispherical 
cavity is present in the centre of the condenser, and both the 
central and marginal rays striking the hemispherical surface 
are reflected to the side of the condenser, whence again they 
are reflected upwards, so as to be brought to a focus on the 
object on the slide. 

It is obvious from this brief description of the principles 
involved that the perfection of the dark-ground condenser 
depends upon the perfection with which the rays are brought 
to a focus upon the object or objects, and this will depend 
partly upon perfection m construction and partly upon proper 
adjustment of the light by the user. It is also obvious that to 
obtain exact focussing of the light upon the objects the slide 
must be within certain limits of thickness ; it must not be too 
thick, for the light cannot then be focussed on the object ; if 
on the thin side, an increased amount of oil, so that the con- 
denser can be racked down, will generally suffice. 

IllwminaHon is all-important for perfect dark-ground work. 
The llluminant should be small in area and fairly intense, but 
it is a mistake to have it too intense if it be desired to see fine 
details. In the past, and to a considerable extent now, a small 
arc lamp has been used, but it errs on the side of intensity. 
The lamp should run with about 4 amperes, so that it may be 
used on the ordinary lighting circuit. The carbons should be 
mounted at right angles to one another, the horizontal carbon 
being connected with the positive lead on the main, and a hand 
feed is provided to maintain the proper distance of the two 
carbons. By this arrangement the positive crater maintains 
a constant position. 

Small metallic filament lamps, run from a storage battery, 
and attached directly under the condenser, can be obtained 
from Messrs. Hearson. 

The most satisfactory illuminant is the <c Pointolite 55 lamp 
already mentioned (p. 118). For use with gas the Barnard 
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incandescent lamp, in winch the maid le is made into a roll, is 
very suitable and is supplied by Messrs. Hawkesley, of Oxford 
Street, London. An inverted incandescent gas mantle lamp 
may be used with the paraboloidal type only. An acetylene 
bicycle lamp may also be employed. If we can choose our 
illummant, we shall select as the best the Point elite,” and 
next the Barnard incandescent gas lamp with rolled mantle. 

Objectives . — A variety of objectives may be used ; an oil- 
immersion one is not essential. Any of the following may be 
employed : — 

8 mm. apochromatic dry. 

4 mm. apochromatic dry with correction collar. 

3 mm. apochromatic oil-immersion. 

2 mm. apochromatic oil-immersion. 

J in. achromatic dry. 

I in. achromatic dry. 

in. Zeiss achromatic oil-immersion, 
in. achromatic oil-immersion. 

No objective of indifferent quality is satisfactory for dark- 
ground illumination, as any defects tend to be accentuated, 
and the ordinary J in. is usually unsatisfactory. 

An important point is the numerical aperture of the lens ; 
this must not exceed 0*95.* The N.A. of the 4 mm. apochromat 
is, therefore, the utmost permissible, and oven this may have 
to be reduced with many dark -ground condensers. As all oil- 
immersions have a N.A. of .1*25 or over, some means must be 
used to reduce the N.A. This is best effected by slipping into 
the objective a tubular stop ; this stops out the marginal rays 
and so reduces the angular aperture, and therefore also the 
N.A , of the lens. Stops for this purpose are supplied by the 
microscope makers. It is necessary to use a stop as close to 
the back lens of the objective as possible, otherwise the end in 
view (the reduction of the N.A.) will not be properly achieved ; 
hence the use of the tubular stop of proper length, so that the 
lower end of it comes close to the hack lens of the objective. 
The permissible N.A. is to some extent limited by the intensity 
of the light employed, for a relatively weak illumimmt allows 
of somewhat larger N.A. being utilised, and we desire to use 
as large a N.A. as is permissible if fine detail is to be resolved ; 
hence the statement at the commencement of the section above 
on illumination, that it is a mistake, as a rule, to have too 
intense an illuminant for dark-ground work. 

* Barnard, has recently introduced a new typo of dark-ground condenser 
with, which a N.A. up to 1*2 may be utilised. 
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The simplest method of setting up the ilhiminant and micro- 
scope is as follows (after J. E. Barnard *) : Take a piece of 
board about 21 in. long by 9 or 10 in. broad and place the 
illuminating lamp at one end. The lamp should be surrounded 
with a circular tin screen painted a dead black and having a 
round hole 2— 2J- in. in diameter cut in it at a suitable height, 
so that the radiant ^.e., the source of light) is situated at its 
middle or somewhat above the centre, according to the height 
of the radiant above the base board. In front of the light and 
fairly close to it place a bulks eye condenser with the flat 
surface towards the radiant, and adjust it so that the image of 
the radiant is projected 7—9 m. from the condensing lens. The 
microscope is then placed in position at the other end of the 
board, so that the image of the radiant falls exactly on the 
centre of the microscope mirror. The light, bulks-eye and 
centre of the mirror should be in strict alignment, the plane 
of the bulks-eye cutting the line joining the centres of the 
radiant and mirror at right angles. Having so set up the 
illuminant and microscope, remove any condenser and 
objective and introduce a low-power ocular. The light is then 
adjusted with the mirror, so that the eye-piece is evenly and 
completely filled with light. This may be ascertained by 
looking down on the ocular with the eye 8 or 9 in above it ; 
when the adjustment is correct, a perfectly even disc of light 
is seen. Another method is to hold a piece of paper 2 or 3 ft. 
above the ocular and observe the disc of light upon it. If the 
disc of light in either case is not perfectly even, there is some 
lack of centration, and this may then be corrected by adjust- 
ment of the mirror or alteration of the position of the light, 
for the lack of centration may be due either to the beam not 
being projected along the optical axis of the microscope 
(adjustment by the mirror) or to the image of the source of 
light not falling on the centre of the mirror (adjustment of 
light and bulks-eye). This adjustment having been effected, 
the dark-ground condenser is slipped into position m the sub- 
stage fitting and a large drop of cedar- wood oil (or of glycerin 
and water) is placed on the top lens. A low-power objective 
is then attached to the microscope and the slide, with the 
object, placed on the stage. To avoid air bubbles, which is 
essential, a small drop of oil may be placed on the under 
surface of the slide as well. Next, rack up the condenser so 
that the under side of the slide is immersed in the oil and the 


* See Special Report Series , No. 19, Medical Research. Committee, 1918. 
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top of the condenser is nearly in contact with it. The object 
is now brought into view by adjustment of the objective and 
will be seen to be illuminated with a disc of light. The dark- 
ground illuminator is then focussed up or down until the 
smallest possible area of the object in the field is illuminated. 
It is likely that then the illuminated disc is not quite central, 
and it must be centred by the centring screws of t he sub-stage ; 
once the reVimvnary adjustment of the light has been effected , 
it must not afterwards be altered . Having thus cent red the light 
With the low-power objective, the latter may be replaced with 
the higher power objective, which is to be used for the examina- 
tion, again, if necessary, centring the light, wit h the screws of 
the sub-stage, and a higher power ocular may then be sub- 
stituted if required. If an oil -immersion objective, bo used, 
the stop for reducing the N.A. must not be forgotten. 

The slides and cover-glasses used must be free from dust, 
scratches and other blemishes, and be absolutely clean, and 
the mount must be free from air bubbles. 

The slides must have a thickness of between 1 mm. and 
1-2 mm. ; the makers usually specify what thickness of slide 
should be used with the particular dark -ground illuminator, 
and it is well worth having a simple micromet er gauge in order 
to calibrate both slides and cover-glasses. With oil-immersion 
objectives, cover-glass thickness does not much matter so long 
as the objective will focus through it. The proper tube-length 
should be used with all objectives. In the case of dry lenses a 
correction must also be made for thickness of cover-glass. The 
thickness usually allowed for is 0*15 to 0*18 mm. If the thick- 
ness is greater, tube-length must be reduced ; if less, the tube 
must be lengthened. If the cover-glass is not of the correct 
thickness or the tube-length is inaccurate, the. image has a 
very definite haze surrounding it which does not disappear 
even when the object is accurately focussed. The remedy is to 
adjust the tube-length until the image appears bright, and 
clear and without any surrounding nebulosity. 

Two oculars should be available, a low-power (X 4) for 
adjusting and centring the illuminant and searching the 
specimen, and a higher power (X 8 to X 18) for observational 
purposes. If apochromatic objectives be used the compensating 
oculars will, of course, be employed. 

Work with dark -ground illumination should be carried out 
in a darkened, though not dark, room, or at least in the darkest 
corner of the room, and screened from any direct light other 
than the illuminant used. 
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Microscopical Measurements. 

The measurement of micro-organisms is carried out by 
means of a stage micrometer, alone, or in combination with an 
eye-piece micrometer. The former consists of a scale of 
tenths and hundredths of a millimetre or hundredths and 
thousandths of an inch ruled in fine lines on a glass plate, by 
means of which the measurements can be made by focussing 
the scale under the microscope. The stage micrometer is 
placed in position on the stage and the scale is focussed with 
the particular ocular, objective, and tube-length which are to 
be used. A drawing of the scale is made with a camera lucida ; 
the micrometer is then removed and the object placed in 
position and a second drawing is made of the object on the 
scale already drawn. A simpler and less expensive arrange- 
ment is to make use of a disc of glass ruled with equidistant 
fine lines, which can be placed on the diaphragm in the eye- 
piece after unscrewing the top lens. The value of the divisions 
in this eye-piece scale is first ascertained by means of the stage 
micrometer. The stage micrometer is then removed and the 
object to be measured put in its place, and its dimensions are 
determined by means of the eye-piece scale. If the objective 
or the eye-piece be changed or the tube-length altered the 
value of the divisions of the eye-piece scale will be altered, and 
must again be determined by means of the stage micrometer. 
The eye-piece micrometer is a more elaborate device of the 
same nature as the eye-piece scale. It consists of an eye-piece 
in which two fine filaments can be adjusted by means of screws 
so as just to correspond with the limits of the object. This 
having been done, and without altering any of the adjust- 
ments, the object is removed and replaced with the stage 
micrometer, and the distance between the two filaments is 
then determined. Various accurately divided scales both 
for eye-piece and for stage, reproduced photographically 
and burnt into the glass (“ graticules”), are made by Messrs. 
Rheinberg. 

The unit for microscopical measurement is the micron 
(sometimes erroneously termed a micro -millimetre), which 
measures one-thousandth of a millimetre, or approximately 
__ i___ of an inch, and is designated by the sign/x. 

If the mi crometer is not available, rough measurements 
may be carried out by comparison with a red blood- corpuscle. 
The majority of the red corpuscles of normal human blood 
measure 7*5 fju in diameter. 
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Ul/TRA-MICROSOO PI C ( 1 UG ANIS M S . * c 


As already mentioned (p. 115), objects having a diameter 
of less than about 0-16 /x cannot be seen with the best, optical 
appliances and using monochromatic light of short wave- 
length (by which resolution is increased to 1 1(>,000 lines to the 
inch). In actual practice, the limit of resolution is usually 
about 0*25 /x, and if a micro-organism is loss in size than this 
it cannot be seen microscopically, and this fact may explain 
why it is that in certain undoubted infect ive diseases no micro- 
organism has yet been detected. Of the existence of such 
“ ultra-microscopic ” organisms we have proof. The finest 
porcelain filters, such as the Chamberlain! B, do not. allow 
visible particles to pass through, yet in several instances, if the 
infective material be filtered through such a filter, the filtrate 
is still infective, presumably because minute micro-organisms 
are present in the filtrate. These hypothetical micro-organisms 
are, therefore, frequently known as “ filter passers 11 or 
“ filtrable viruses.” Lipschutz divides the filt.ra.ble viruses 
into A, acute general infective diseases, which include dengue, 
trench fever, rinderpest, hog cholera, chicken plague, probably 
measles, and, at one stage of the disease, yellow fever, arid B, 
diseases with localisation of the virus in certain tissues and 
organs. In this are included diseases (a) e pldenual, molluscum, 
trachoma, (6) dermal , vaccinia, variola, bird-pox, foot and 
mouth disease, (e) neural , rabies, poliomyelitis, (d) htvmal, 
chicken leukaemia, pernicious amemia of ’horse, (e) on/anal, 
pleuropneumonia of cattle, ? mumps. The organism of 'cattle 
pleuro-pneumonia is just on the limit of visibility. The rnbic 
and vaccine viruses seem capable of passing through a Berke- 
feld V., and the Rous chicken sarcoma is also a filtrable virus. 
Some thirty ultra-microscopic viruses are now known. Barnard 
suggests that bodies less than 0-25 /x in greatest diameter 
should be regarded as filter-passers, and from certain con- 
siderations believes that their dimension ordinarily lies between 
0-1 /x and 0-2 ^x. Ultra-microscopic organisms are not neces- 
sarily invisible at all stages of their life cycle. Ilort claimed 
that many of the ordinary bacteria form minute buds which 
may pass through the larger-pored filters (loo. eiL p. 8), and 
.Noguchi has demonstrated a minute spirochaetal form in 


, , See Roux, Bull, de l Inst. Past., vol. L, 1003, pp. J and 49. Reminder, 
^ 337 and 385 ; Tratts ’ XV llth Interned. Cong. MeA, 

1925^ to C l U p H7 ’ PP * 35 (L6ffler) and 49 (-^cFadyoan) ; .Barnard, Lancet, 



THE BACTERIOPHAGE 


127 


yellow fever. Besides invisibility and filtrability, these ultra - 
microscopic viruses present certain common features. They 
are all destroyed at a comparatively low temperature and by 
most weak antiseptics. On the other hand, they maintain 
their vitality for a considerable time in pure glycerin. They 
are generally conveyed only by contact, by inoculation, or by 
insect intermediaries, and not by the air, water or soil, and 
only exceptionally by fomites. The pathological lesions are 
similar and characterised by cell-inclusions and alterations of 
the cellular nuclei. 

The Twort-b'Herelle Phenomenon. The Bacteriophage. 

In 1915, Twort * described peculiar changes occurring in 
white colonies of a micrococcus grown from vaccine lymph. 
Some of the colonies on agar kept at 37° C for twenty-four 
hours could not then be sub-cultured and gradually became 
glassy and transparent, showing microscopically fine granules 
only. If a young colony of the coccus were touched with a 
little of the glassy material, the growth at this point became 
transparent, and the change spread gradually all over the 
colony. The glassy lytic material was still active m a dilution 
of 1 m 1,000,000, and passed through the finest porcelain 
filter It acted best on young cultures and had no lytic effect 
on cocci killed by heat. Inoculated on to agar, it gave no 
sign of growth, but remained active for several months. It 
resisted heating to 52° C., but was destroyed at 60° G. in one 
hour. The substance was most active on white and yellow 
colonies of certain cocci isolated from vaccine lymph, was 
much less active on M. aureus and albns , and had little or no 
action on the typhoid-colon group, streptococci, yeasts, and 
others. Twort suggested that the lytic agent is an enzyme 
produced by the coccus itself, and increasing in quantity 
in the presence of the cocci, and so capable of apparent 
multiplication ; at the same time he pointed out that 
possibly an ultra -microscopic agent may be concerned. 

In 1917 d’Herelle independently directed attention f to a 
similar phenomenon, and since then the work has been con- 
firmed and extended by him and by numerous other investi- 
gators. % D’Herelle’s original observations were made on cases 
of dysentery. He added 4 or 5 drops of the stool to a tube of 

* Lancet , 1915. vol n , p. 1241 

f Comp . Rend Acad Sc , T. 165, 1917, p 373. 

J See Med. Science : Ab$t, and Rev , vol. vii., 1922-23, p. 118, 
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broth, incubated at 37° 0. for eighteen hours, and then 
filtered the culture through a (Thumb erland filter candle. If 
a small quantity of the filtrate be added to a. broth culture of 
the Shiga bacillus, or to an emulsion of it in saline, growth is 
arrested, and the organisms are destroyed ami undergo lysis, 
so that the originally turbid broth culture becomes quite, clear. 
If a trace of the lysed culture be inoculated into another Shiga 
broth culture, the same phenomenon is reproduced, and the 
passage of the lytic agent may be carried on for many hundreds 
of transfers without any loss of activity. Dead bacteria are 
not lysed, nor is there increase of the lytic agent, except, in the 
presence of living bacterial cells. Whatever the nature of the 
lytic agent, it must, therefore, be capable of increase or multi- 
plication, and d’Herelle has steadfastly maintained that, it is 
a living agent, an ultra-microscopic virus, which acts as a 
parasite for the Shiga bacillus and destroys and digests it;. To 
it he gave the name of Ba cterioph agi / n b intent male (“ microbe 
bacteriophage 55 ), and it is commonly known as the. bacterio- 
phage.” 

The lytic agent may be obtained from various sources in 
addition to dysenteric faeces — from typhoid urine and keees, 
from the stools of healthy persons, from the exudate of a 
guinea-pig inoculated intra-peritoneally with B. Cali , from the 
dejecta of animals, from earth, river and Rea -water and we wage. 
The lytic effect of the material may be demonstrated not only 
in broth cultures, but on agar growths. 

While d’Herelle believes that but a single bacteriophage 
exists, others consider there are several, and there seem to be 
differences in the action of the lytic agent from different 
sources. Cultures which have been cleared by the lyt ic agent 
may afterwards become cloudy, owing to renewed growth of 
the bacteria, indicating that some of the organisms are 
resistant and later multiply and renew the growth. 

The lytic material is destroyed by heating to 00° to 70 n (1. ; 
fresh material being more easily destroyed than old material. 
It will retain its activity for years, either in the filtrate, or in 
the latter evaporated to a syrupy consistency or dried. The 
addition of 1 per cent, of quinine destroys its activity, but 
2*5 per cent, phenol is harmless. The material may be pre- 
cipitated with alcohol, acetone and other agents. 

By inoculation of an animal with the lytic material {e.g. 
with the filtrates of cleared cultures) an anti-serum is obtained 
which inhibits the action of the lytic agent— a mixture of anti- 
serum and lytic material neither clears a culture nor prevents 
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a culture, developing. As the old or heated anti-serum is 
active, complement takes no part in the inhibition. With 
regard to the nature of the lytic agent, there is no certain 
proof. D’Herelle’s view that it is a living organism has been 
mentioned. Bordet and Cinca, Gratia, Kabeshima and others 
believe that it is of the nature of an enzyme. If so, it is 
capable of multiplication or reproduction and is dissimilar 
from other known enzymes. It is conceivable that when the 
lytic agent acts on the bacteria, more lytic agent separates 
from them. Bail supposes that as a result of the action of the 
lytic agent upon the bacteria, minute fragments of bacterial 
protoplasm are formed and continue to live. These fragments 
are so small that they will pass through a filter candle and by 
their growth and multiplication constitute the multiplication 
of the lytic agent. 

Fleming has found that a lytic agent, lytic for certain 
bacteria, is present in various fluids of the body and other 
substances. It is met with in tears, which may be active even 
in a dilution of 1 in 240,000, in most tissues, in egg-white, and 
in some plant tissues. He terms it lysozyme. It is incapable 
of multiplication like the bacteriophage, and is, therefore, a 
different substance.* 

* Pyoc. Roy jSoc. Loyid , 1922, b, vol. 93, p. 30(5 


M B. 


l) 



CHAPTER V. 


INFECTION— VEGETABLE ANL> ANIMAL PARASITES - THE IN- 
FECTIVE PROCESS — ANT l- BO 1)1 ES — ANT I -S E I * A AND ANTI- 
TOXINS— IMMUNITY. 


Infection. 

By the term Infection is meant the invasion of the living 
tissues by living micro-organisms which grow and mult iply at 
the expense of the host, and which may be either animal or 
vegetable in nature. A disease produced by the growth and 
multiplication of micro-organisms is termed an infective disease, 
and is transmissible in most instances by inoculation. If the 
micro-organisms are from time to time discharged from the 
body of the host, either with the excreta, secretions, desqua- 
mated particles, or in some other way, the disease becomes 
infectious or contagious , according to the ease with which 
another individual becomes infected , and the material which 
conveys the infection is often termed the contagion or the 
virus , though the latter is also applied to the organism itself. 
Thus, in scarlatina and smallpox the contagion is very readily 
conveyed from person to person even for a distance through 
the air, and these are infectious diseases. Ringworm and 
syphilis, as a rule, require more or less close contact for 
infection to take place, and these are, therefore, contagious 
diseases ; while malaria is neither infectious nor contagious, 
since persons in the neighbourhood do not directly contract 
the disease, though it can be conveyed by inoculation, and it 
is therefore infective only. But the distinction between 
infectious and contagious is mainly one of degree, and these 
terms have now to a large extent been discarded. Excluding 
individual susceptibility, the relative infectivity of a disease 
probably depends on four factors at least : (1) the contagion 
is freely given off aerially and is not destroyed thereby ; (2) the 
contagion gains access by the respiratory tract ; (3) the 

relative virulence of the .virus ; and (d) the dose of the virus- 
in some instances the smallest amount is sufficient to infect. 
If the contagion can gain access only through a wound or the 
digestive tract, the chances of infection may be largely reduced. 
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In certain instances infection is conveyed by an intermediary, 
the mosquito in malaria, and in such cases infectivity will 
obviously partly depend on the presence and abundance of the 
intermediary. 

Parasites vary much in tbeir harmfulness, and in the degree 
to which they colonise the host. Thus, there is a vast difference 
between a condition caused by the echinococcus or by ring- 
worm, in which the parasite tends to be localised and the 
effects are largely mechanical, relatively little poison being 
produced by the parasite, and the disease anthrax caused by 
the B. anthracis , in which the anthrax bacillus spreads through- 
out the body causing a general infection with toxaemia. 

Parasites may therefore be divided into infective, the effects 
of which are wide-spread in the body, and non-infective, the 
effects of which are mainly local, though a series of links con- 
nects them, and the two groups cannot be sharply separated. 
The infective parasites are : (1) vegetable micro-organisms, 

chiefly bacteria, a few yeasts and some moulds ; (2) many 

protozoa ; and (3) a few metazoa, generally helminths. The 
non-infective parasites are the animal parasites generally, par- 
ticularly many helminths and arthropods.* 

The production of the phenomena of disease by pathogenic 
organisms has in the past been ascribed to various factors, 
such as the using up of the oxygen which should go to the 
tissues, or of the proteins of the body and of the food, or to 
the effects of plugging of the vessels by the microbes. These 
are now considered to be subsidiary, embolism and thrombosis 
being perhaps the most important. We now regard the 
disease-complex as being caused m the main by poisonous 
substances or “ toxins ” formed by the infecting organisms. 
These toxins are substances of complex composition, either 
allied to the proteins, or possibly lipoids, though in some 
instances they more resemble enzymes, and they are direct 
products of the bacterial cells. The toxins of most pathogenic 
organisms, e.g., typhoid, cholera, plague, etc., are more or less 
integral parts of the bacterial cells ; they are “ endotoxins/' 
and are not excreted to any extent into the culture medium, 
but may gain access to it by autolysis of the organisms. In the 
body, endotoxins may be set free by autolysis or some other 
mechanism. A few organisms, notably Bacillus diphtherice 
and B. tetani , produce extra- cellular toxins which are found in 

* Helminths include round and flat worms and flukes. Arthropods are 
invertebrate animals with jointed appendages, such as insects, arachnids 
(ticks, mites, etc.), and crustaceans. 
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the culture liquid. The toxins were classified by Sidney 
Martin * as follows : 

(1) Poisons produced by the digestive or the destructive 
action of bacteria on proteins in the culture medium. Examples 
of these are the poisons of the Bacillus anthracis and of the 
pus-producing staphylococci. 

(2) Poisons which are the result o£ the digestive or destruc- 
tive action of bacteria on proteins, but formed as an excretion 
(the toxin) of the bacterium. The Bacillus diphtherial is the 
best example of this. A similar combination of poisons is 
found in snake-venom. 

(3) Poisons which are excretions only, such as those pro- 
duced by the tetanus bacillus. 

(4) Poisons which are typically intra-cellular, but which 
may also be excretory. The poisons produced by the typhoid 
bacillus, the Bacillus coli , the Bacillus evteriddis of (Partner, 
and the cholera vibrio belong to this group. 

Thiele and Embleton f suggest that the toxins of most 
bacteria are really cleavage products derived from their 
cellular proteins under the influence of ferments present in 
the body of the host. These cleavage products are, however, 
toxic only at a certain stage of their disintegration. Given 
the power of existing and multiplying in the body of the host, 
the pathogenicity of a bacterium depends on the quantity and 
consequent activity of the ferments of the host. A certain 
degree of ferment activity renders the cleavage products of the 
bacterio-protein toxic, while a further degree of ferment activity 
carries the disintegration so far that the cleavage products are 
no longer toxic. A bacterium may therefore be harmless to a 
host if the latter (a) has no ferments capable of digesting its 
bacterio-protem ; (6) has such a poor supply of ferments that 
the bacterio-protein is so slowly disintegrated that toxic 
products never attain a sufficient concentration to be harmful ; 
(c) has such a plentiful supply of ferments that the cleavage of 
the bacterio-protein rapidly passes beyond the toxic stage. A 
harmless bacterium, e.g., B. megaterium , may be rendered 
pathogenic if suitable ferments can be produced in the host to 
bring about the necessary disintegration of its bacterio-protein. 

The Infective Process. 

Certain conditions should be complied with before the 
causative relation of an organism to a disease process can be 

* Manual of General Pathology, p, 70. 
f Lancet, 1913, vol. i., pp. 234 and 332. 
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stated to be demonstrated. The statement of these conditions 
has been ascribed to Koch,* and as they were the principles 
npon which he worked, they are, therefore, termed cc Koch’s 
Postulates.” They are : 

(1) The organism in question must be present in the tissues, 
fluids, or organs of the animal affected with, or dead from, the 
disease. 

(2) The organism must be isolated and cultivated outside 
the body on suitable media for successive generations. 

(3) The isolated and cultivated organism, on inoculation 
into a suitable animal, should reproduce the disease. 

(4) In the inoculated animal the same organism must be 
found. 

To these conditions have since been added : 

(5) Chemical products with a similar physiological action 
may sometimes be obtained from the artificial cultures of the 
micro-organism, and from the tissues of man or animals dead 
of the disease. 

(6) Specific serum and other reactions, agglutinative, 
bacteriolytic, complement fixative, etc., are generally obtain- 
able, under certain conditions, if the blood of the infected 
person or animal be allowed to act on the specific organism 
producing the infection. 

It is true that there are diseases in which one or more of 
these conditions are not fulfilled, but on general evidence they 
are classed as infective. 

The modes of infection, or entrance of the infective agent 
into the body, are varied. The infective agent may enter by 
(1) the gastro-intestinal tract, e.g ., typhoid fever, cholera, and 
glanders ; (2) the respiratory tract, e.g., pneumonia and 

influenza, and occasionally typhoid fever, plague, etc. ; (3) by 
inoculation, not necessarily only of the skm, but also of the 
mucous membranes, e.g ., the septic diseases, glanders, tetanus, 
etc. The extreme infectivity of some diseases — e.g., variola, 
scarlatina, influenza, etc. — may be due to the fact that infection 
takes place by the respiratory tract. In certain instances the 
infection is conveyed in some special way, e.g., by mosquitoes 
in malaria and in yellow fever. Nor is infection necessarily 
confined to one mode of entrance ; in plague, for example, 
infection by the skin is commonest in some epidemics, but it is 
not infrequent by the respiratory, and may occur by the 
digestive, tract. The infecting agent may remain localised, 


* Henle seems actually to have first stated them (Fildea). 
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giving rise to a local infection , or it may be widespread through 
the body, a septicaemia* bactericcmia or general infection. The 
absorption of chemical products from a local site of infection 
may produce general symptoms ; this is intoxication, as occurs 
in cholera, in which the microbe is present in the bowel, in the 
early stage of diphtheria, in which the diphtheria bacillus is 
limited to the membrane, and in a local abscess. Fever is 
usually one of the results both of intoxication and of general 
infection. 

The localisation of a particular infection may in some 
instances be due to a selective affinity of the strain of the 
organism for a particular tissue. Kosenow has given evidence 
of this in the case of pathogenic streptococci. He isolated 
streptococci from various lesions in man, then injected the 
cultures intravenously into rabbits and determined the site of 
the lesions in the inoculated animals; The strain from a 
particular lesion invariably produced a similar lesion in a 
much larger percentage of the inoculated animals than did 
strains from other lesions. Thus, fourteen strains from appendi- 
citis produced lesions in the appendix in 08 per cent, ot sixty- 
eight rabbits injected, which is in marked contrast to an 
average of only 5 per cent, of lesions in the appendix in 
animals injected with strains isolated from sources other than 
appendicitis. Eighteen strains from ulcer of the stomach or 
duodenum produced haemorrhages in GO per cent., and nicer 
of the stomach or duodenum in 60 per cent., in contrast to an 
average of 20 per cent, haemorrhages and 9 per cent, ulcer 
following injection of other strains. Twenty-four strains from 
rheumatic fever produced arthritis in 66 per cent., endocarditis 
in 46 per cent., pericarditis in 27 per cent., and myocarditis in 
44 per cent, of seventy-one animals injected, in contrast to an 
average of arthritis in 27 per cent., endocardial lesions in 
14 per cent., pericarditis in 2 per cent., and myocarditis in 
10 per cent, of animals injected with strains from sources other 
than rheumatic fever. The same held good for strains isolated 
from cholecystitis and erythema nodosum. 

Infection, if not too rapidly fatal, is frequently followed by 
remarkable alterations in the body fluids and tissues. One of 
these, if recovery ensues, is the production of immunity or 
insusceptibility to the same infecting agent ; this will be eon- 

* <e Septicaemia ” and <e a septicaemia 55 have different meanings. The 
former is applied to a general infection with the so-called septic organisms, 
the latter to a general infection with any organism. “ Bagterijemia ” is a 
better term for the latter. 
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sidered later (p. 182). Another is the formation in quantity 
of substances which normally are absent or are present only 
in small amount, such as agglutinins, bacteriolysins and anti- 
toxins : to these the general name of i£ anti-bodies 55 is given, 
and these may now be considered. 

Anti-Bodies.* 

Anti-bodies may and do develop as the result of a natural 
infection, but much larger amounts are obtained by the injec- 
tion into an animal of complex substances, such as bacterial 
toxins, bacteria, blood-corpuscles, cells and cellular proteins, 
ferments, etc. Thus an animal injected with sub -lethal doses 
of a bacterial toxin, e.g ., diphtheria toxin, acquires a tolerance 
towards the toxin, becomes immunised, and a substance is 
developed in the blood that antagonises the toxin which was 
injected ; this substance is known as antitoxin . If bacteria be 
injected, the fresh blood-serum in vitro acquires a solvent 
action (bacteriolysis), and also an agglutinating action, upon 
the bacteria employed ; if blood-corpuscles be injected, the 
fresh blood- serum becomes solvent for the same kind of 
blood-corpuscles (haemolysis) ; if cells be injected, the blood- 
serum has a solvent action on the cells (cytolysis), and so on. 
Antitoxins, bacteriolysins, agglutinins, etc., are also formed 
in the course of a natural infection, but not nearly to the 
extent that they may be after artificial inoculation. Traces 
of them are also present normally in the uninfected and the 
untreated animal. With doubtful exceptions,! it is only 
complex bodies of protein nature, or allied to the proteins, or 
perhaps fats, which give rise to the production of anti-bodies 
on inoculation ; alkaloids, carbohydrates, mineral poisons, etc , 
do not give rise to anti-bodies, though some insusceptibility 
to them may be produced (see also p. 192). Any substance 
which gives rise to the formation of an anti-body is termed an 
anUgen , and a blood-serum containing anti-bodies is termed 
an vmmune serum. Anti-body and antigen generally interact 
in various ways — immunity reactions. A remarkable character 
of these reactions is their extreme specificity ; as a mile 
anti-body reacts only, or to a much greater degree, with 
the antigen which has produced it, i.e ., antigen and anti- 
body must be homologous for interaction to take place. 

* The subjects dealt with m this section are discussed in detail in Kolmer s 
Infection , Immunity and Specific Therapy (W. B. Saunders Co., 3rd ed., 1923). 

f Ford has described the formation of an anti-body by the injection of a 
poisonous glucoside derived from fungi. 
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Anti-bodies are probably formed for the most part in the 
spleen, lymph-glands and bone-marrow by leucocytes, or by 
endothelial cells, or by both. 

Antitoxins. — The anti-bodies produced by the inoculation 
of an animal with bacterial toxins or toxic proteins (c.r/., ricin, 
abrin, and snake- venom) are known as anti-toxins, and are of 
considerable practical importance. An animal injected with 
increasing amounts of the toxin acquires a high degree of 
immunity, and its blood-serum injected into a second annual 
confers on the latter a similar immunity against the same toxin, 
but not against other toxins ; the serum is specific. The anti- 
serum formed by the injection of toxin is antitoxic and not 
anti-microbic, and the diphtheria bacillus will grow and 
multiply in diphtheria antitoxin. Since, however, the patho- 
genic effects of an organism such as the diphtheria or the 
tetanus bacillus are mainly caused by the toxin which it forms, 
the antitoxin will counteract the effects of the micro-oryamsm, 
as well as of its toxin. The neutralisation of the micro-orga n ism 
may, however, be incomplete, a certain amount of local reaction 
or necrosis ensuing. 

Antitoxins are prepared by injecting animals usually 
horses when a large quantity of serum is required, or goats, 
rabbits, etc., for a smaller quantity — with bacterial toxins or 
with toxic proteins, such as snake-venom. 

With those -organisms which produce potent toxins, like the 
diphtheria and tetanus bacilli, the organism is grown m a fluid 
medium so that an active and virulent toxin is obtained. The 
culture is then filtered through a Berk ei* eld or Pasteur- 
Chamberland filter and the toxic filtrate inoculated sub- 
cutaneously and intravenously into the animal, commencing 
with sub -lethal doses. 

The dose of toxin can be gradually increased, and con- 
currently with the increase in insusceptibility the blood-serum 
acquires antitoxic properties. The treatment is tedious, and 
the activity of the antitoxic serum is largely dependent upon 
the amount and activity of the toxin injected. The requisite 
degree of potency having been attained, the animal is bled 
with aseptic precautions, the blood is allowed to coagulate, 
and the serum is bottled for use. Antitoxin may be obtained 
in a concentrated form by cc salting out ” the globulin con- 
stituents of an antitoxic serum (p. 144), and a dried product 
may be prepared by evaporating the serum to dryness in vacuo 
at 40° C. (10 c.c. serum =1 grm. dry residue). 

The mode of production of the antitoxin by the inj ection of 



SIDE-CHAIN THEORY 


137 


the toxin lias Tbeen the subject of discussion. It was once 
supposed that the toxin itself becomes changed into antitoxin 
by the vital activities of the cells. But the amount of anti- 
toxin produced does not necessarily bear a direct relation to 
the quantity of toxin injected. The amount of antitoxin 
formed may be as much as 40,000 times the equivalent quan- 
tity of toxin injected ; bleeding the animal only temporarily 
reduces the antitoxin content of the serum, and substances 
which increase the secretory properties of glandular cells, such 
as pilocarpine, enormously increase the output, so to speak, of 
antitoxin. Walbum has found that by the intravenous 
injection of manganic chloride it is possible to raise the anti- 
toxin content of the blood-serum 
of an immunised animal to a con- 
siderable extent. 

To account for the formation 
of antitoxin and other anti- 
bodies and for their interaction 
with the corresponding antigens 
Ehrlich elaborated his 44 side- 
chain theory. 55 He believed that 
the chemical activities which 
are the outcome of the vital 
activities of the living cell are 
due to interactions between 
atomic groups or 44 side-chains 55 
attached to a complex nucleus 
or chemical molecule having a ring structure, analogous to the 
benzene ring. A 44 side-chain 55 is an atomic group, a carbon 
atom of which is linked to one of the carbon atoms in a ring. 
These atomic groups or side-chains are unstable, and enter 
freely into combination with other groups for which they have 
an affinity should these be present, and thus the physiological 
activities of the cell, assimilation, nutrition, etc., are carried 
out (Fig. 24). Ehrlich supposed that antitoxin consists of an 
excess of certain side-chains which have separated from the 
cells and become free in the blood, these side-chains normally 
subserving some cellular function and their specific affinity for 
an antigen such as toxin being merely accidental. Small 
amounts of anti-bodies, such as antitoxin, bacteriolysin, 
agglutinin, etc., are present normally in blood-serum, and it 
seems reasonable to suppose that this antitoxin is due to a 
natural liberation of such side-chains from the protoplasm 
and that artificial antitoxin production is merely a very great 
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stimulation of this natural process, though many regard the 
diphtheria antitoxin so frequently present in man as the result 
of infection with the diphtheria bacillus. 

The toxin molecule, according to Ehrlich, possesses at least 
two fixative atomic groups or side-chains. One of these, the 
c< haptophore group, 5 ’ conditions the union of the toxin mole- 
cule with cell-protoplasm , the other, the c ‘ toxophore group, 5 ’ 
conditions its toxic action. Similarly, in order that the cell 
may suffer the full effect of the action of the toxin, it also must 
possess two receptive groups or side-chains having an atlinity 
for the haptophore and toxophore groups of the toxin ; these 
may be termed the “ receptor 55 and “ loxophile 15 groups 
respectively (see Kg. 30). The relationship of each fixative 



Fig. 25 — First stage in anti- 
toxin formation. Black = 
toxin molecule 



Flo. 26. — {Second stage in anti- 
toxin lormatioii 


group of the corresponding groups — viz., that of the toxin and 
that of the side-chain of the cell — must be most intimate, and 
analogous to the relations to each other of a male and a ft unale 
screw (Pasteur) or of a lock and its key (E. Eischer), i.<\, each 
must fit or match the other. 

The genesis of antitoxin on the “ side-chain theory ” takes 
place in the following manner : Toxin being introduced, the 
haptophore groups of the toxin molecules unite with the par- 
ticular receptor side-chains of the protoplasm of the cells or 
tissue for which they have an affinity (Fig. 25). By this com- 
bination the physiological activities of the protoplasm are 
interfered with, a defect is created, the protoplasm is damaged. 
Provided the dose of toxin be not too large, the protoplasm 
recovers, recovery being due, according to Ehrlich, to the 
regeneration of the side-chains which have been put out of 
action* Qn injecting more toxin 7 this combines with these 
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new receptors and a defect is again created (Fig. 26). Once 
more tire protoplasm responds, and a fxesli series of receptors 
is developed (Fig. 27). But by this continual stimulation, as 
it were, the protoplasm commences to form the particular 
receptors in excess of that needed to repair the defect created 
and ultimately these receptors are formed so numerously that 
numbers of them become free in the plasm a (Figs. 27, 28). 
These receptor side- chains, detached from the cell and floating 
free in the bloodstream , constitute the antitoxin . To explain the 
excessive production of side-chains after stimulation by 
repeated injections of toxin, Ehrlich invoked a physiological 
ce law 55 enunciated by Weigert, which states that repeated 
stimulation of any kind, provided it is not too excessive, is 



Fio 27 — Third stage in antL- 
toxm formation {Side-chams 
being jiroduced m excess. 



m the blood. 


followed, not by a corresponding compensatory regeneration, 
but by over-regeneration or hyper- compensation , this is met 
with in various pathological processes, e.g , in muscular hyper- 
trophy. Ehrlich has termed the diverse free receptors which 
occur in the body fluids in various circumstances “ haptines. 55 


Ehrlich distinguished three classes of receptors. Receptors of 
the first order , to which antitoxins belong, possess a group capable 
of saturating the affinities of the corresponding haptophore group 
of the homologous toxin ; Receptors of the second order , have, m 
addition, a second or ergophore group which, after union with the 
antigen has taken place, is able to bring about the changes 
peculiar to the particular type of anti-body. Precipitins and ag- 
glutinins belong to this class. Receptors of the third order , in addi- 
tion to a haptophore group, possess a second or complementophile 
group which unites with complement which is necessary to com- 
plete the lysis of corpuscle or bacterium (p. 156). Opsonins and 
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the anti-bodies concerned m complement fixation belong t,o this 
class. 

It is the presence of the haptophore group which conditions 
the union of toxin with antitoxin. Thus, if toxin be injected 
into the blood containing antitoxin, the haptophore. groups of 

the toxin unite with the, free 
receptor groups, i.(\, with the 
antitoxin (Fig. 29), and therefore 
the toxophore groups cannot 
exert their influence because the 
toxin is now unable to unite with 
the protoplasm, its haptophore 
or binding groups being already 
occupied. 

The existence, of both haptn- 
phore and toxophore groups in 
the toxin molecule is suggested 
by the following experiments. 
Tetanus toxin injected into the blood-stream of an animal 
rapidly disappears, within a few seconds of the injection, and 
even if the animal be at once bled, the blood withdrawn being 
replaced by fresh blood, tetanus ensues, but not until after 
the lapse of an incubation period of some hours. Presumably, 
the tetanus toxin immediately becomes fixed or anchored to 



Fig 29. — Neutralisation of toxin 
by antitoxin m the blood 
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Fig 30 — Diagrammatic scheme to represent tho union of toxin (black) 
with the coll. In a the toxin is attached to tho protoplasm by tho 
union of the haptophore and receptor groups. In B tiio toxophoro 
and toxophile groups have also united, and poisoning now ensues. 

the tissues of the central nervous system by the union of its 
haptophore groups with the receptor groups of the latter. 
After a time this brings the cells within the sphere of influence 
of the toxophore groups, and after a certain incubation period 
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toxic symptoms ensue (Fig. 30). The affinity of tetanus toxin 
for nerve tissues may be shown in another way. If fresh 
guinea-pig brain be emulsified with tetanus toxin, the emulsion 
will be found to be innocuous on injection, owing to a com- 
bination between the two having taken place. The cerebral 
cortex of a highly susceptible animal ( e.g ., mouse) has a marked 
neutralising power, of a less susceptible animal {e.g., rabbit, 
fowl) a feebler, and of an insusceptible animal {e.g., frog, tor- 
toise) no, neutralising power. 

Diphtheria or tetanus toxin heated to 65° to 70° C. or kept 
for some time loses toxicity but still retains an affinity for 
antitoxin. If antitoxin be treated with such heated or old 
toxin and its capacity for neutralising active toxin be then 
tested, this will be found to be diminished. Ehrlich explained 
this by supposing that though the toxophore groups are 
destroyed, the binding or haptophore groups still remain and 
saturate some of the antitoxin. The modified non-toxic toxin 
may, in fact, have a capacity for combining wuth antitoxin 
equal to the original active toxin. Such derivatives of toxin 
possessing haptophore, but not toxophore, groups are termed 
“ toxoids.” The haptophore groups seem to be much more 
stable than the toxophore groups. 

Wassermann and Bruck obtained presumptive evidence of 
the existence of the second stage m antitoxin formation, viz., 
the increased production of receptors by the cells. Using old 
tetanus toxin which had lost its toxicity, but which still com- 
bined with antitoxin — that is, toxoids with haptophore groups 
were present — they found that on injecting it into animals no 
antitoxin was formed. They then performed experiments 
based on the following line of reasoning : If the inactive toxin 
containing these toxoids be first injected into an animal, and 
after a short interval some actively poisonous tetanus toxin, 
more of the active toxin ought to be required to kill this 
animal than a normal one, because, owing to the previous 
toxoid injection, some of the cell receptors susceptible to 
tetanus toxin are already occupied. Provided Ehrlich’s theory 
be correct, and that this binding of the toxoid really occurs, 
the conditions should be entirely different, when, instead of 
injecting the toxin shortly after the toxoid, a longer time 
elapsed — one to three days — before the injection of the active 
tetanus toxin. For in that case Weigert’s law should come 
into play and the receptors should have increased in number — 
i.e. } the animal would now possess more of the sensitive groups 
than before. This should be manifest by the fact that, in 
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contrast to tlie first experiment, tlie fatal close of active 
tetanus toxin ought now to be smaller than previously ; in 
other words, a smaller dose should now tetanise the animal in 
a shorter time. The experiments yielded results which were 
exactly in accordance with these theoretical considerations. 
A guinea-pig was injected with some of the non-poisonous 
toxoid, and then, one hour later, with the active tetanus toxin. 
It was found that much more toxm was required to kill this 
animal than a normal guinea-pig of equal size. If, on the 
other hand, an interval of one to three days were allowed to 
elapse, it was then found that a dose of tetanus toxin which 
would not even tetanise a normal guinea-pig was sufficient to 
kill the treated one. 

The fact that no antitoxin is formed — no receptors 
are thrust off — by the single injection of the inactive toxin, 
or toxoid, Wassermann ascribed to the lack of stimulus which 
resides m the toxophore groups. A toxin molecule with intact 
toxophore group seems to be more stimulating for the pro- 
duction of antitoxin than a toxoid m which this group is 
absent. Tor the production of antitoxin, therefore, active 
toxin is always employed. Later experiments have shown 
that some antitoxin may be formed as a result of the injection 
of toxoid. 

The slow combination of haptophore and receptor groups 
was proved by Wassermann in another way. Meyer and 
Hansom showed that tetanus toxin is absorbed by the nerve- 
trunks, not by the blood and lymph-channels, while tetanus 
antitoxin is absorbed by the latter — the blood and lymph- 
channels. The following experiment was devised : Tetanus 
toxm and antitoxin are mixed m proportions so that the 
former is just neutralised. If some of this mixture be in- 
jected into the hind paw of a guinea-pig no tetanus develops. 
When, however, some adrenalin, which contracts capillary 
blood-vessels, is injected into the hind paw of another and 
equal-sized guinea-pig, and a few minutes are allowed to elapse 
so that the capillaries may contract, and a similar close of the 
same mixture of toxin and antitoxin is then injected, tetanus 
ensues. The toxin, therefore, must have been absorbed, but 
not the antitoxin, although the two were in solution together. 
Presumably, the toxin and antitoxin had not yet combined, 
or such combination as had occurred was a loose one and 
became dissociated, and, therefore, the toxin was free to travel 
along the nerves to the central nervous system with the pro- 
duction of tetanus. 
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The experiment, however, succeeds only within a certain 
period, not exceeding an hour, after mixture of the toxin and 
antitoxin. Alter this interval, presumably, the toxin and anti- 
toxin form a stable combination, and the toxin is no longer 
free, so that the toxin-antitoxin mixture no longer produces 
tetanus in the adrenalin animal. 

The union of toxin with antitoxin can apparently be 
hastened by employing more tetanus antitoxin, for with an 
excess of antitoxin, even after only half an hour, the adrenalin 
animal does not develop tetanus. This experiment seems to 
show, therefore, that the combination of toxin with antitoxin 
takes place slowly and is at first a loose one, and that the union 
becomes firmer and firmer with lapse of time. It also suggests 
the possibility of hastening the combination by increasing the 
amount of antitoxin — a point of some importance in serum 
therapy. 

The above considerations are of importance in the antitoxin 
treatment of disease. Tlie fact that the toxophore group of the 
toxin does not come into action as a rule for many hours at least 
(an exception is snake -venom) is a fortunate coincidence, for the 
antitoxin may, therefore, act before tissue damage has occurred. 
Antitoxin cannot repair tissue damage already produced by the 
toxin, but it can, and does, prevent the occurrence of further 
damage by neutralising any toxin that may be present. Hence 
the necessity for early treatment. The combination of toxin with 
tissue may for a time be dissociated if a multiple of the simple 
neutralising dose of antitoxin be injected, but the quantity neces- 
sary to accomplish this rises rapidly the longer the administration 
of antitoxin is delayed , hence the necessity for the use of anti- 
toxin m large excess. Probably the union between tissue and toxin 
is at first a loose one, and conceivably a large dose of antitoxin 
may dissociate such union during its initial stage. It must be 
clearly recognised that colloidal reactions (to which category that 
between antitoxin and toxin, anti -body and antigen, belongs) 
differ considerably from ordinary chemical reactions. 

An essential condition in antitoxic treatment is the administra- 
tion of a sufficient amount of anti -serum, and this does not depend 
on the actual volume of serum injected. The anti-serum may be 
regarded as a solution containing a variable amount of the anti- 
toxic or anti -micro bic constituent, and for therapeutic use its 
strength must be ascertained, and is for convenience described in 
arbitrary units. 

The dose of antitoxin is dependent upon the gravity of the 
disease, and not on the age of the patient, for evidently just as 
much toxin may be formed in a child as in an adult. The anti- 
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toxins are strictly specific ; diplitlieria antitoxin, for example, lias 
not tlie slightest influence in tetanus. 

To obtain an immediate reaction to antitoxin it should be 
administered intravenously. A subcutaneous injection may not 
be completely absorbed in less than thirty -six hours, an intra- 
muscular injection is much more rapidly absorbed. 

The complications and accidents of antitoxin treatment are 
few and usually unimportant. Abscess and other local troubles 
at the seat of inoculation should not occur if proper antiseptic 
precautions be taken. Urticaria or other rashes and joint pams, 
sometimes with pyrexia, are by far the most troublesome com- 
plications, constituting the “serum disease.’ 5 These are due 
to the injection of foreign serum, and not to the antitoxin, for 
the serum of an untreated horse produces a like cited. Repeated 
injections of serum at short intervals may he continued for a 
long period without inducing more disturbance than that caused 
by one or two or a few injections, but if twelve days or more elapse 
between two injections a condition of “ supersound lsai-ion,” due 
to anaphylaxis, is liable to ensue (see p. 149). This consists m 
the rapid appearance of rashes, joint pams, pyrexia, etc., or even 
of grave symptoms, faintness, vomiting, dyspnoea, convulsions, 
collapse, etc. This is, however, preventable (see p. 153). 

Anti-sera may be used as prophylactics, but the immunity 
produced by them does not last more than three weeks. 

Antitoxin seems to be a protein body, globulin in nature, or 
intimately associated with tlie pseudo -globulin of the serum, and 
the globulin content of tlie blood of an animal treated for anti- 
toxin production increases m some eases. The antitoxin may be 
precipitated out of the serum by partial saturation with ammonium 
sulphate or sodium sulphate, and various methods have been 
devised by which the antitoxin can be recovered and concentrated 
from a comparatively weak serum by means of precipitation with 
salts * 

Various hypotheses have been advanced to explain the 
manner in which toxin is neutralised by antitoxin. Boux and 
Buchner suggested that the antitoxin in some way renders the 
cells and tissues insusceptible to the toxin, and Buchner per- 
formed experiments showing that while mice are more sus- 
ceptible than guinea-pigs to tetanus toxin, a tetanus toxin- 
antitoxin mixture which is just neutral for mice is distinctly 
toxic for guinea-pigs. 

Ehrlich suggested that the explanation might be that a 
toxin solution contains several toxic substances, some of which 

* See Homer, Journ . of Hygiene, vol. xv., 1916, p. 3S8 ; MacCon key, ibid., 
voL xxii., p. 413. 
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exert a toxic action on the guinea-pig but not on the mouse. 
Madsen and Dreyer also showed that a mixture of diphtheria 
toxin and antitoxin which is innocuous to guinea-pigs by 
subcutaneous inoculation is lethal to rabbits by intravenous 
injection, and Ehrlich explained this by a similar assumption. 
Morgenroth, however, found that the difference in the latter 
case depends on the mode of injection. The reaction between 
the toxin and antitoxin takes time to complete : there is an 
interval of some hours at 20° C. before equilibrium is reached. 
When a recently prepared mixture of toxin and antitoxin is 
injected subcutaneously, absorption is slow, and in the mean- 
while the toxin and antitoxin combine, but when the mixture 
is injected into the veins, the toxin is fixed by the tissues 
before it has had time to combine with the antitoxin, and 
poisoning ensues. If the mixture be kept for some hours 
before injection, intravenous injection is then similarly 
innocuous. 

It might be supposed that toxin is destroyed by antitoxin 
much in the same way that a ferment breaks dov r n the sub- 
strate. But there is evidence to show that the toxin -antitoxin 
complex when formed may afterwards be dissociated and toxin 
again liberated. In the earlier stages of the toxin-antitoxin 
interaction, this is easily shown m the case of snake venom and 
its corresponding antitoxin (antivenm) Thus Calmette found 
that if a neutral mixture of venom and antivenin be heated to 
68° C. for ten minutes, the mixture becomes toxic again, the 
antitoxin being destroyed by the heating, but not the toxin. 
The experiment succeeds, however, only if the mixture of 
venom and antivenm stands for less than thirty minutes before 
being heated — afterwards heating does not cause toxicity. It 
may be assumed that the reaction takes some time to reach 
equilibrium, and that when this is quite, or nearly, attained, it 
is far more difficult to liberate the toxin. The same fact is 
illustrated by experiments of Brodie and of Martin and 
Cherry,* who made use of a Chamberland filter candle saturated 
with gelatin. Such a filter will allow diphtheria toxin to pass 
through, but not diphtheria antitoxin, presumably because 
the molecules of the latter are larger than those of the toxin. 
If a neutral mixture of diphtheria toxin and antitoxin be 
allowed to stand for two hours and be then filtered through 
the gelatin-saturated filter candle, the filtrate is non-toxic, 
showing that there is no separation of toxin. 


M.B, 


* Proc. Moy. Soc. Lond , vol. Ixiii., 1898, p. 420. 


10 
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Morgenroth showed, however, that toxin can be recovered 
from neutral mixtures of toxin and antitoxin by heating with 
dilute acid, even after the mixtures had stood for twenty-four 
hours and equilibrium had been reached. Though such an 
experiment may not prove the reversibility of the reaction in 
the strict sense, it does at least show that the toxin is not 
destroyed even when interaction is completed. It may be 
concluded, therefore, that toxin is not destroyed by antitoxin, 
and that some form of combination does take place in vitro 
between the two. The nature of this combination may next 
be considered, and here again several hypotheses have been 
formulated. 

Ehrlich strongly supported the hypothesis that toxin and 
antitoxin interact in accordance with the laws governing the 
combination of strong acids with strong bases, e.q., HOI and 
ISTaOH. 

Within certain limits, facts support this hypothesis. Thus 
if 0-1 c.c. of a toxin be just neutralised by 0*5 c.c. of an anti- 
toxin, ten times the amounts (and even more), vi^., 1*0 c.c. of 
toxin with 5*0 c.c. of antitoxin, will probably form a similarly 
neutral mixture. It has been found, however, that toxic 
effects sometimes result from large doses of a mixture of toxin 
and antitoxin, small doses of which appear to be completely 
neutral. 

There is also one fact which completely upsets this concep- 
tion of the toxin-antitoxin reaction. It is found that a given 
quantity of antitoxin neutralises a smaller quantity of toxin 
when the latter is added in several fractions at intervals than 
when it is added in one amount. This is known as the I )anysz 
phenomenon 55 or “ effect. 55 

In view of the failure of Ehrlich’s hypothesis to (it all the 
facts, Arrhenius and Madsen suggested that the toxin-anti- 
toxin reaction is a balanced or reversible reaction. In a 
reaction of this kind, although the two reacting substances 
may be present in the proper proportions for complete inter- 
action, the reaction does not take place completely and some 
of the reacting substances remain unchanged. 

A classical example of a reaction of this kind is that which 
takes place between ethyl alcohol and acetic acid. If equi- 
molecular amounts of ethyl alcohol and acetic acid are mixed, 
ethyl acetate and water are formed. Actually the acid and 
the alcohol do not completely disappear, but only two-thirds 
of them. This is due to the fact that the reaction tends to 
be reversed, water acting on the ethyl acetate and converting 
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it again, into ethyl alcohol and acetic acid. The reaction is 
represented as follows : 

CH3.COOH 4 - c 2 h 5 .oh - — - ch 3 .cooc 2 h 5 4 - h 2 o. 

While this hypothesis would account for the toxicity of a 
large dose of a toxin-antitoxm mixture, a small dose of which 
is non-toxic, the Danysz phenomenon is incompatible with 
it, and, although toxin may be recovered from the toxin- 
antitoxin complex, the reaction does not seem to be a strictly 
reversible one. Moreover, the law of mass action, which 
applies to these balanced or reversible reactions, seems to 
apply only to gaseous mixtures and true solutions and not to 
colloidal solutions. 

Bordet introduced the conception of adsorption to explain 
the reaction. The peculiar and special properties of the 
colloidal state are largely dependent upon the existence of a 
very extensive surface, and at the boundary surface between 
two phases an alteration in the distribution of matter or 
change of concentration occurs. This change of concentration 
at a surface, brought about by the action of surface forces, is 
known as adsorption. Bordet supposed that a molecule of 
toxin T can unite with one molecule or with 2, 3, 4 or 5 molecules 
of antitoxin A, forming the five compounds TA1, TA2, TA3, 
TA4 and TA5 These compounds would be less and less toxic, 
corresponding to the increase of antitoxin. Thus TA1 would 
be somewhat toxic, though less so than toxin T, and TA4 and 
TA5 may be supposed to be non-toxic. In mixtures of toxin 
and antitoxin, the antitoxin is regarded as being equally dis- 
tributed over all the molecules of toxin. The result would be 
that if 300 molecules of antitoxin were added to 100 molecules 
of toxin, the compound TA3 is formed, and is only slightly 
toxic. Small doses of this mixture would therefore be without 
effect, but large doses would probably produce some toxic 
action. The Danysz effect maybe explained by assuming that 
once antitoxin has combined with some toxin, it is much more 
difficult for it to combine with a further amount of toxin, 
because this entails, as a preliminary, dissociation of the TA 
compound already formed. 

An extension of the adsorption hypothesis is that of von 
Krogh. The toxin- antitoxin reaction is regarded as taking 
place in two stages. In the first stage the toxin is fixed to the 
antitoxin by adsorption, in the second stage secondary chemical 
combination occurs. These two stages are well known to occur 
in colloidal reactions. In the tanning of leather, the tannin is 
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taken up and fixed by the skins by an adsorption process, but 
this process is followed by secondary chemical changes leading 
to the formation of insoluble substances. Bayliss found that 
when the free acid of Congo red, which is blue in colour, is 
added to colloidal aluminium hydroxide, a blue precipitate is 
obtained, showing that the dye acid is fixed on the hydroxide 
by adsorption. If this blue precipitate be suspended in water, 
the blue colour changes to red , which is the colour of salts of 
Congo red, so that a salt of the Congo red acid is afterwards 
formed. All the phenomena of the toxin-antitoxin reaction 
seem best explained, therefore, by the adsorption hypothesis 
of Bordet with the extension of secondary chemical combina- 
tion, as suggested by von Krogh.* 

The properties of colloidal matter depend upon the degree of 
subdivision of the matter. In true solutions the dissolved particles 
are believed to he in the molecular, or in tilts ionic, state, and 
measure less than 1 gg in diameter (gg -== the millimicron, or one- 
thousandth of a micron). In colloidal sols, the dispersed particles 
may vary in size from about 0*1 g to 1 gg. In suspensions and 
emulsions, the diameter of the particles is greater than 0 1 g. 
Between these throe classes, however, there is no sharp division. 
It happens that matter in the colloidal state possesses properties 
not exhibited, or exhibited in a much lower degrees by moleeularly 
dispersed matter or by grosser microscopic particles. A mixture 
is said to be 16 homogeneous ” when the constituents are present 
in the molecular (or ionic) state. A colloidal sol is hetero- 
geneous ” and consists of finely divided particles (the dispersed 
phase) distributed through a dispersion medium. By phase ” is 
meant a physically distinct portion of matter. 

Anaphylaxis and Allergy. — An animal usually becomes more 
and more tolerant to injections of an antigen, e.g., to diphtheria 
and tetanus toxins in the preparation of the corresponding 
antitoxins. Sometimes, however, the opposite effect is pro- 
duced, viz., increased sensitiveness. Thus, in the preparation 
of tetanus antitoxin, after the animal has received a few doses 
of the toxin without ill effect, a smaller dose of toxin may 
cause fatal tetanus. A dose of a therapeutic vaccine after 
previous doses may sometimes cause a very severe reaction. 
The tuberculin reaction, the peculiar sensitiveness of certain 
individuals to substances such as pollen, animal and plant 

* On the toxm-antitoxin reaction see Craw, Journ. of II yg , vol. vii., 1907, 
p. 501 ; and ibid., vol. ix., 1909, p. 46 ; Arrhenius, Jmmuno-ehemwtry, 1907, 
and Journ. of Hyg., vol. viii , 1908, p. 1 ; Bean, Lancet , 1917, vol. i., p. 45 
(Bibhog ). See also Section on standardisation of dijihtheria antitoxin. 
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emanations, etc., and tlie peculiar idiosyncrasy of some 
individuals to certain foods, sucli as sliell-fisli, eggs, or milk, 
all belong to the same category. These conditions of hyper- 
sensitiveness are known as ct anaphylaxis ” ( i.e ., the opposite, 
of cc prophylaxis ”) and <e allergy.” 

Anaphylaxis . — Probably any antigen under appropriate 
conditions may induce sensitiveness, but the phenomenon has 
been especially studied in connection with serum injections, 
though any protein, e.g., egg-white or bacterial cells, similarly 
causes it. The injection of an anti-serum usually produces no 
ill-effect other than the rashes, joint pains, and pyrexia already 
mentioned (“ serum disease ”), even if large amounts of the 
serum be given extending over days or even weeks, but a 
second injection of serum given after a first injection with an 
interval of twelve days or more between the two series of 
injections is liable to be followed by minor disturbances in the 
form of immediate or accelerated reactions, fiC supersensitisa- 
tion,” or by more serious effects, constituting the so-called 
ce anaphylactic shock.” 

The symptoms of anaphylactic shock are nausea and 
vomiting, small and rapid pulse, faintness or more serious 
heart failure, dyspnoea with rapid and shallow respiration and 
feeling of suffocation, collapse, rigors, convulsions, and even 
coma The severity of the symptoms varies in different cases, 
and the symptoms usually pass oh m the course of an hour or 
two , but a few fatal cases have been recorded. 

The ordinary sequelae of serum injections, the rashes*, etc., 
never appear before the seventh day after the first dose of 
serum, but in the immediate reaction rash, pyrexia, joint pains, 
vomiting, rigors, and occasionally convulsions and collapse 
occur, either almost immediately or within six hours after the 
second injection of serum. In the accelerated reaction, these 
phenomena appear between the eighteenth hour and the fifth 
day after the second injection of serum. 

The immediate and accelerated reactions may occur a long 
time after the first course of serum treatment if more serum 
be given. Goodall records one case in which over four years 
elapsed between serum treatments for first and second attacks 
of diphtheria, an accelerated reaction occurring after the 
reinoculation for the second attack. 

Experimentally, anaphylactic phenomena are best studied 
in the guinea-pig by means of injections of serum. 

The Theobald Smith phenomenon occurs when a guinea-pig 
has been sensitised by a very small single dose of normal horse 
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serum, 0*01 c.c., 0*001 c.c or even 0*000001 c.c. ; if, then, 
after an interval of not less than twelve to fourteen days a 
somewhat larger dose of serum, 0-1 c.c., be given, the serious 
symptoms of hypersensitiveness develop within a few minutes, 
viz., respiratory failure, paralysis, clonic spasms, and frequently 
death. Post-mortem , scattered ecchymoses arc found together 
with a distended condition of the lungs. The essential cause 
of death is suffocation due to intense spasm of the unstriped 
muscle of the bronchioles. At one time it was believed that a 
small sensitising dose is more effective than a large one in 
producing anaphylactic shock ; but it has been shown that this 
is not the case — a large dose merely lengthens the incubation 
period (up to, it may be, forty days). The reason for this may 
be that the toxic substance slowly formed by the sensitising 
dose combines as it is produced with a part of the antigen 
injected, so that the ultimate result is as though a small 
sensitising dose had been injected. The first dose, or series of 
doses, of antigen inducing the sensitive state is known as the 
sensitising dose ; the second dose of antigen causing the 
effect is known as the reacting or toxogenic dose. 

Animals vary greatly in the ease with which they become 
sensitised. The guinea-pig, horse and goat are very readily 
sensitised ; the rabbit, dog and probably man are less sus- 
ceptible ; the mouse is almost or completely refractory. 
Sensitisation may be induced by any route which ensures the 
penetration of the antigen in a relatively intact state. The 
digestive tract, therefore, usually fails unless large quantities 
of the antigen are given. In the case of the toxogenic dose, 
antigen administered by the mouth or rectum rarely induces 
anaphylactic shock ; the most certain methods are intra- 
cerebral and intravenous injections, next intramuscular, then 
intraperitoneal, intrapleural and subcutaneous, and .finally 
intratbecal. 

The cardinal features of anaphylaxis are — (1) Any antigen 
will cause it, e.g serum, egg-white, toxins, etc. ; (2) the 

sensitising and toxogenic doses must be of the same kind of 
antigen, e.g., horse serum and horse serum ; thus a first dose 
of horse serum followed by a second dose of sheep serum would 
not induce anaphylaxis. Closely allied proteins may cause 
some reaction ; (3) the amount of antigen given may vary 
within wide limits without definitely influencing the severity 
of the effect ; (4) sensitisation is usually produced in from 
twelve to fourteen days after the administration of the sensi- 
tising dose, never before ; with massive sensitising doses it 
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may be delayed for a period up to six weeks ; (5) sensitisation 
once induced may exist for years ; (6) reaction having occurred, 
the animal is desensitised and no longer sensitive; (7) extremely 
small doses of antigen may sensitise, even 0*000001 c.c. of 
serum, though apparently there is no limit in the other 
direction ; (8) ansesthetisation when the toxogenic dose of 

antigen is given prevents the development of symptoms . 

The Arthus phenomenon occurs when a gumea-pig receives 
several doses of normal horse serum at intervals of some days. 
Another injection of horse serum then causes an oedematous 
mass, an aseptic abscess, or an area of necrosis, at the site of 
the new inoculation, which may be far removed from the 
region of the previous inoculations, and the animal becomes 
cachectic and dies. 

A theory to explain all the phenomena of anaphylaxis is 
difficult to formulate. The sensitising dose of antigen appears 
to produce some anti-body which reacts with, or m the 
presence of, the second dose of antigen. The necessity for an 
incubation period after the sensitising dose points to this, as 
well as the fact that cc passive ” anaphylaxis may be induced 
by injecting an animal with the serum of a sensitised one ; the 
treated animal suffers from anaphylactic shock on being 
injected with the antigen. The substance which gives rise to 
the anaphylactic shock is termed ‘‘ apotoxin 55 by Richet and 
“ anaphylatoxm 55 by Eriedberger, and it may be akin to a 
precipitin. 

Discussion has taken place as to whether the reaction is 
cellular and occurs in the cells, or humoral, occurring m the 
body fluids. Experiments by Dale and others show that 
reaction does take place in tissues free from plasma. Dale * 
sensitised guinea-pigs, then excised the uterus, washed it free 
from blood and suspended it in Ringer’s solution. On flooding 
the uterus with the homologous antigen contraction occurs. 
Specificity is shown by the fact that only the homologous 
antigen causes contraction, and an animal may be sensitised 
to two or three different antigens, and the uterus contracts 
when it is flooded m turn with the homologous antigens. Once 
the reacting dose has been given and the uterus has contracted 
the muscle is no longer sensitive to the antigen. Rut the 
substance produced by sensitising is also present in the blood, 
as is shown by the fact that passive anaphylaxis may be pro- 
duced. Probably anaphylaxis is both cellular and humoral 


* Journ . Pharmacol . and JEJxper. Therapeutics, iv., 1913—14, p. 167. 



152 A MANUAL OF BACTERIOLOGY 

and can occur in the blood or in the tissues, usually in both ; 
all that is essential is the presence of the requisite amount of 
anti-body. The cells will take up a certain amount of the 
anti-body, and any excess remains in the blood. 

A striking analogy exists between peptone poisoning and 
anaphylactic shock, and protein cleavage products may be the 
substances concerned m the production of the latter. 

Besredka assumed that there are two distinct elements in 
antigen, one thermostable and having the properties of an 
antigen (see p. 135), which he terms sensibilisogen/ 5 and 
which on injection produces its anti-body, “ sensibilisin.” 
The other substance is thermolabile, and is termed anti- 
sensibihsin,” and combines with sensibilisin when this is present. 
Sensibilisin is particularly fixed by the cells of the nervous 
system, and, according to Besredka, it is the violent reaction 
between anti-sensibihsin and sensibilisin in the nerve tissues 
which causes the serious disturbance characteristic of anaphy- 
laxis. When, therefore, a small dose of serum ( , /> () - J {) c.c.) is 
administered, the sensibilisogen slowly forms sensibilisin. If 
a second dose of serum is given twelve days or more after the 
first injection, the anti-sensibilism in it combines with the 
sensibilisin formed by the first injection, and disturbance 
results. Anaesthetisation prevents the symptoms of anaphy- 
laxis because the anaesthetic renders the nerve cells insensitive 
to the reaction between the sensibilisin and anti-sensibilisin. 

Bordet suggested that the union of anti-body and antigen 
creates a complex which by adsorption monopolises certain 
principles in the blood plasma which then becomes toxic 
Thus Wassermann and Beysser found that if guinea-pig serum 
and kaolin, an inert powder, be mixed and then centrifuged, 
the intravenous injection of the fluid is followed by symptoms 
closely resembling those of anaphylaxis. A weak agar jelly 
(0*05 per cent.) acts similarly. The serum must be fresh and 
active ; serum heated to 56° G. is inert. It is doubtful, how- 
ever, whether colloids do produce typical anaphylactic death ; 
when death occurs it is probably due to intravascular clotting. 

A remarkable feature of anaphylactic shock is the almost 
complete disappearance of complement, but this is not the 
i m mediate cause of the condition. Briedberger found that 
complement is able to form from antigen a toxic body which 
on injection into a normal animal gives rise to all the pheno- 
mena of anaphylactic shock. But while complement alone is 
capable of effecting this change to a certain extent, the toxic 
product appears far more rapidly and in much greater quantity 
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if tlie specific anti-body be present as well. The condition 
necessary for maximum toxicity, i.e ., for the formation of the 
largest amount of anajphylatoxin , depends upon three factors : 
(a) the relative quantities of complement, anti-body and 
antigen present together, (6) the time during which these 
substances interact, and (d) the temperature at which the 
reaction occurs. As regards the quantities of reacting sub- 
stances, for a given amount of antigen there is a definite range 
within which complement and anti-body give rise to anaphy- 
latoxin, but outside which, %.e., if either be in excess or deficient, 
the toxin does not appear. If the time be insufficient, the 
mixture is non-toxic , if the time be extended beyond certain 
limits, the mixture is also non-toxic, because protein- cleavage 
proceeds so far that the toxic substances are split up into 
simpler non-toxic bodies. The lower the temperature, the 
slower the formation of anaphylatoxin ; the optimum tempera- 
ture is 37° C. This theory not only accounts for the pro- 
duction of anaphylaxis^ it also explains why anaphylaxis does 
not occur after repeated injections of antigen ( e.g ., antitoxic 
serum) at shorter intervals than twelve to fourteen days. In 
the latter case, anti-body is present in so large amount that 
antigen is subjected at once to such a degree of cleavage that 
the toxic stage is rapidly passed and the non-toxic stage 
reached, and thus there is never sufficient toxin present to 
cause symptoms. 

Others would base the reaction in anaphylaxis and other 
forms of sensitisation upon a sudden dislocation of the con- 
dition of static equilibrium of the colloids of the blood.* 

Anaphylaxis is of considerable importance in serum treat- 
ment, e.g., where a patient has had a previous course of serum 
treatment and has again to be treated with serum. If there is 
a suspicion that the sensitive state exists, a test may be made 
by injectingOT c.c. of horse serum (or of the serum to be used) 
xntra-dermally into the patient. If no effect follows within 
about half an hour, the patient is not sensitive. If, how- 
ever, a red urticarial weal develops at the site of inoculation 
within this period, the patient is sensitive. If this be the 
case, anaphylaxis may be prevented ‘by several procedures. 
If 5-10 c.c. of antigen (i.e., the serum) be given per rectum, 
this having been well washed out, the individual is de-sensitised 
in from ten to twelve hours, and subcutaneous or intravenous 
injections of serum may then be given with impunity. In 

* Widal, Abrami and Brissand. See Med. Sc., Abst. and Reviews, vol. Ii., 
1920, p. 369. 
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man sensitisation rarely if ever attains sucli a degree as to 
react with 1 c c. of serum. If, therefore, 0*5-1 c.c. be injected 
subcutaneously, the ordinary dose may be injected witli 
impunity five or six hours later. If immediate treatment is 
necessary, such a preliminary injection may be followed five 
or ten minutes later by a larger dose and every five minutes or 
so afterwards by steadily increasing amounts. In this way 
large amounts of serum may be given in a comparatively short 
time without giving rise to anaphylactic shock. 

In the case of prophylactic doses of tetanus antitoxin, these 
will usually amount to 3-5 c.c. of serum, and sensitisation will 
not be induced thereby until an interval o£ over five weeks. 

Lumiere and Chevrotier state that the addition of a small 
amount of sodium hyposulphite to the serum prevents the 
occurrence of anaphylaxis.* 

Allergy . — Allergy is closely allied to anaphylaxis. It is a 
condition of sensitisation with protein, which may be of very 
diverse natnre. It differs from anaphylaxis in certain respects : 
(a) the reaction is not usually so severe ; (6) it may assume the 
most diverse forms ; (c) reaction does not usually desensitise. 

The various food idiosyncrasies, such as urticaria produced 
by shell-fish, forms of hay-fever, reactions to animal and flower 
emanations, many cases of spasmodic asthma, some cases of 
epilepsy, and the tuberculin and mallein reactions, are examples 
of allergy. It seems as if any protein may sensitise ; thus there 
are individuals who are unable to partake of certain foods — 
meat, fish, fruit, cereal, legume, vegetable, etc. — without upset 
of some kind. Others faint, or suffer from asthmatic attacks, 
when they come into the neighbourhood of some animal or flower 
or pollen. The nature of the sensitisation may be determined 
in some cases by performing cutaneous inoculations with a 
series of protein solutions prepared from these varied sub- 
stances, f If the individual has been sensitised to a particular 
protein in the series tested, an inflamed patch develops at the 
site of inoculation. By then giving a series of graded inocu- 
lations of the protein in question, de-sensitisation may be 
accomplished and the individual cured of his idiosyncrasy. 
The tuberculin reaction is a good example of the phenomena 
of allergy. The individual suffering from tuberculosis is 
sensitised by the tubercle toxins circulating in his blood. On 

* Acad, des Sciences, Paris, Sdance, Oct. 18, 1920. 

f Outfits for the purpose of testing, and solutions for desensitising, in 
cases of allergy, may be obtained from Messrs. Allen and Hanbury, or 
Messrs. Parke, Davis and Co. 
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injectingL^ld tuberculin ( i.e tubercle toxin) the febrile tuber- 
culin rea} doa follows. If another dose of tuberculin be given 
after recbjrery, a reaction again ensues, though probably less 
severe, fii.., the individual is not desensitised by the first 
reaction. JBut after several doses of tuberculin, reaction finally 
ceases to be produced. 

On the sernm disease, supersensitisation, and anaphylaxis, see 
Bichet, Ann. de VInst. Basteur , xxi, p. 497, and Anaphylaxis 
(Constable & Co., 1913. Bibliog.) ; Besredka, Ann de VInst. 
Basteur , xxi, p. 950, and Bull, de VInst. JPasteur , vii, 1909, p. 721 ; 
Currie, Tourn. of Hygiene , vol. vii, 1907, pp. 35, 61, and vol. viii, 
1908, p. 457 ; Goodall, ibid. vol. vii, 1907, p. 607 ; Bordet, Town. 
State Med., 1913, p. 449 ; Trans. JCVIIth Internal. Cong . of 
Medicine, 1913, Sect. IV. Pt. I, pp. 1 (Besredka) and 13 (Bichet), 
and ib%d. Pt. II. (Priedberger) ; Wyard, Lancet, 1917, vol. 
p. 105. 

Anti-microbic Sera : Bacteriolysis. — The majority of the 
pathogenic micro-organisms produce no extracellular toxin, 
and corresponding antitoxic sera cannot, therefore, be pre- 
pared. If, however, the organisms themselves be injected with 
care, the animal gradually becomes immunised and yields a 
serum which possesses a certain amount of protective and 
curative power. The name of anti-microbic serum or anti- 
serum is given to such a serum. 

To this class belong the anti-streptococcic, anti-pneuzno- 
coccic, and anti-plague sera. The usual mode of preparation 
is to commence the inoculation of the animal with killed culture, 
gradually increasing amounts of which are given until a large 
dose is attained. Living culture is then given, commencing 
with a small dose and gradually increasing the amount at each 
injection. After a course of treatment extending, it may be, 
over several months, the serum acquires its maximum potency 
when the animal is bled and the serum bottled, as in the case 
of antitoxic sera. The anti-microbic sera are not nearly so 
active as antitoxic sera, and for curative use are on the whole 
disappointing. 

An anti-microbic serum will protect an animal against the 
corresponding living microbe within certain limits, but the 
protection afforded is not strictly proportional to the amount 
of serum used. 

For example, if 0*005 c.c. of anti-cholera serum just protects 
against 5 mgm. of living cholera culture, three times as much, 
or 0*015 c.c., of the serum will probably not protect against 
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15 mgm. of cholera culture, and when a certain ^ose of the 
culture is reached no amount of serum will save t-hq? animal. 

The mode in which the anti-serum acts may I>e studied 
microscopically. If cholera anti-serum and cholera culture 
he injected into the peritoneal cavity of a guinea-pig, and the 
peritoneal contents be examined at short intervals afterwards, 
it will he found that the vibrios lose their motility, become 
distorted and globular, undergo solution, and finally dis- 
appear. The protection afforded by the anti-serum is there- 
fore due to the destruction of the microbes by solution 
(“ lysis ”), the process being known as bacteriolysis, and the 
bodies which bring it about being termed “ bacteriolysins.” 

• The destruction of the bacteria by bacteriolysis is regarded 
by some as being brought about by osmotic changes, by others 
by processes analogous to digestion. 

The reaction in the guinea-pig is known as “ Pfeiffer’s 
phenomenon 55 or reaction, from its discoverer. 3f the serum 
and the microbes be mixed in vitro the latter are unaffected , 
apparently, therefore, some constituent of the hr 'mg body in 
addition to the anti-serum is necessary for the solution of the 
microbes. But in 1895 Metchnikoff showed that the reaction 
will take place in vitro provided that some fresh peritoneal 
exudate of a normal guinea-pig be added to the mixture of 
anti-serum and microbes. The same year Bordet found that 
the addition of peritoneal exudate is unnecessary provided 
the anti-serum be perfectly fresh. These experiments show 
that the solution of the microbes is brought about by the 
interaction of at least two substances, one of winch is present/ 
in all fresh serum, normal or immune 1 ., and in peritoneal 
exudate, but is unstable, disappearing on keeping or heating 
the serum ; the other is a relatively stable body present only 
in anti-serum. The former, the unstable body present, m all 
fresh sera, etc., is usually termed te complement, ” (also 
C£ alexin 99 or <e addiment ”) ; while the stable constituent of 
immune serum is known as the amboceptor ” or “ immune 
body ” (also as “ intermediary,” £C preparer,” “ hxateur ” or 
ee substance sensibilisatrice ”). 

These considerations suggest an explanation why anti-miorobic 
serum neutralises only a limited amount of living culture, viz., tlio 
amount of complement present in the body at one time is limited, 
and when this has been used up bacteriolysis ceases. This docs 
not seem to be the whole explanation, for attempts to supplement 
the complement present by injecting fresh normal serum with the 
anti -serum do not increase its potency, and some anti-microbic 
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sera, e.g v^cthrax serum, are not bacteriolytic. Deflection of 
complement may occur in some instances, or the complement 
may not be of tbe rigbt kind. In other cases, the organism in 
certain situations may be inaccessible to the blood -stream and to 
the anti -serum, e.g., the vibrios in the bowel in cholera. 

Another reason advanced is the extreme specificity of anti- 
serum and the variability of bacteria so that many races or strains 
of an organism may exist ; this has been proved in the cases of 
the pneumococcus and the meningococcus. Hence the anti- 
serum prepared with one race may not neutralise another race. 
To overcome this factor, many races of the 
organism may be used to immunise the animal, 
so obtaining a “ polyvalent serum.’ 5 

In the process of bacteriolysis both tbe 
specific amboceptors and the complement 
are absorbed and used up. and for the 
lysis of a given quantity of bacteria certain 
minimal amounts of both amboceptor and 
complement are necessary, but the inter- 
action is not so strictly quantitative as 
that in the toxin-antitoxin reaction. 

The amboceptor or immune body seems 
to link the complement to the bacterium 
(Fig. 31) ; complement remains free if the 
appropriate amboceptor be not present, 
and bacteriolysis does not ensue. Bacteria 
first treated with complement, i.e fresh 
normal serum, washed with saline by centri- 
fuging, and then treated with the homolo- 
gous immune serum undergo no alteration ; but if the process 
be reversed — first treating with the immune serum, washing, 
and afterwards treating with complement — bacteriolysis 
ensues. That is, the bacteria cannot directly take up or 
fix complement, but they do take up amboceptor, and, having 
taken up amboceptor, they absorb complement, both ambo- 
ceptor and complement being used up in the process. Ambo- 
ceptor is just as specific as anti-toxin, and is absorbed only 
by the homologous organism. 

Complement is thermolabile , i.e.. it is destroyed by heating 
to 56° C. for thirty minutes ; while the amboceptor is thermo- 
stable , i.e., it is not destroyed by this treatment. A serum 
containing complement is termed an “ active 55 serum ; one 
in which the complement has been destroyed by heating to 
56° C. is said to be “ inactivated. 55 



Fig. 31. — Di agram 

to show the union 
betw een comple- 
ment (black) and 
protoplasm of the 
cell by means of 
the amboceptor 
(white). 
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According to Ehrlich, fresh serum contain* mmierous 
complements which are more or less specific for different 
amboceptors (see also note, p. 163). When the complement 
is destroyed by heating it is converted into complementoid ” 
(analogous to "toxoid). Both complement and complementoid 
on injection give rise to anti-complement. The amount of 
complement in different sera varies considerably ; horse serum 
contains very little, guinea-pig serum much, and the comple- 
ment content of the serum of different individuals of the same 
species, and even of the same animal at different seasons, is 
variable. Complement may consist of two portions, as it is 
generally accepted that it can be split into a ee mid-piece ” and 
an <c end-piece ” by the action of dilute hydrochloric acid, 
carbon dioxide, and dialysis. The mid-piece is thought to be 
in the globulin fraction, the end-piece in the albumin fraction 
Noguchi, however, considers that the whole complement is 
present in the albumin fraction and that inactivation of the 
complement by acid, etc., is due not to splitting inio two 
fractions, but to inactivation of the whole. 

Bacteriolysis can be demonstrated tn vitro, provided the 
i mm une serum be fresh, or fresh normal serum be ad < led, to 
ensure the presence of complement. 

Pfeiffer’s reaction has in the past been of considerable value 
in the exact determination of bacterial species, of the 

nature of vibrios met with in choleraic cases, but has now been 
largely replaced by complement fixation and agglutination 
tests. In order to carry it out, a mixture of a suspension of 
the organism to be tested with a small quantity of serum from 
a highly immunised animal is injected into the peritoneal 
cavity of a normal guinea-pig. The fluid in the peritoneal 
cavity is then examined microscopically half 'to one hour after 
the injection, and if the reaction be positive the organisms will 
be found in all stages of degeneration, being mostly converted 
into spherules. In this event, the organism is to be regarded 
as being identical with the organism by means of which the 
immune serum used in the test was prepared. If, on the other 
hand, the reaction he negative, the organisms are unaffected 
after being in the peritoneal cavity for an hour or so, and the 
organism is then considered to be a species different from that 
used for the preparation of the immune serum. 

Anti-endotoxic Sera . — The comparative inefficiency of anti- 
microbic sera, particularly typhoid, led Macfadyen to attempt to 
prepare sera with microbial endotoxins, and the work was con- 
tinued by Siidmersen and the author. Horses were immunised 
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with the endotoxin obtained by the method described on p. 34, 
and with a typhoid serum so prepared GroodaU and the author 
obtained promising results.* 

Method of applying Pfeiffer's Reaction . — For Pfeiffer’s test the 
organism must be virulent, and a high-grade immune serum is 
necessary. If the organism is not virulent, it is spontaneously 
destroyed in the peritoneal cavity without the addition of immune 
serum. The method may be best explained in the case of a 
vibrio supposed to be the cholera vibrio. The cholera -immune 
serum (obtained from a rabbit or horse repeatedly injected with 
cholera culture) should possess a titre of not less than 0*0002 e.c., 
i.e., this amount of serum mixed with one loop (2 mgm.) of an 
eighteen -hour agar cholera culture (virulent), suspended in I c.e. 
of broth, and injected into the peritoneal cavity of a small guinea- 
pig should cause granular degeneration and bacteriolysis of the 
vibrios within one hour. 

Pour mixtures are made — (a) one loop of an eighteen -hour agar 
culture of the vibrio to be tested, 0*001 c.c. cholera -immune 
serum, suspended in 1 c.c. of broth ; ( h ) the same as (a), but 

0*002 c.c. cholera serum ; (c) the same as (a), but 0*001 normal 
serum of an animal of the same species as that furnishing the 
cholera serum ; ( d ) one quarter loop of the vibrio in 1 c.c. of 

broth, as a control of the virulence of the culture. These mixtures 
are then injected into the peritoneal cavities of four guinea-pigs 
each of about 250 grm weight. At intervals of thirty and sixty 
minutes hanging -drop preparations are made of the peritonea] 
fluid of each animal, the fluid being obtained by inserting a capil- 
lary pipette through a minute incision m the skin. In the guinea- 
pigs injected with (a) and (5), if the organism be cholera, the 
vibrios should show marked degenerative changes within sixty 
minutes, while (c) and (d) will show plenty of active vibrios. 

If the organism be non -virulent, an immmie serum is prepared 
by injecting an animal ( e.g ., a rabbit) with it, and the immune 
serum so prepared is tested on a known virulent strain m the 
peritoneal cavity of guinea-pigs in order to ascertain whether or 
no it brings about bacteriolysis, i.e , the Pfeiffer phenomenon. 

Bacteriolysis may also be determined by direct microscopical 
examination of mixtures of culture, immune serum and comple- 
ment in hanging-drop preparations observed on a hot stage. 

Deflection , Deviation, f Diversion or Blocking of Complement , — 
Pfeiffer in 1895 observed that a large amount of immune serum 
might not protect an animal from the cholera vibrio, while a 


* Proc. Roy. Soc. Med , vol. ii., 1907-8, Med. Sect., pp. 245 et seq. 
t “ Fixation of complement ” (p. 165) is frequently erroneously termed 
46 deviation of complement. 59 
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smaller amount with the same dose of vibrio did so. In 1901 
Neisser and Wechsberg demonstrated an analogous reaction m 
vitro. They studied the effect of a bacteriolytic immune serum 
when varying amounts of the inactivated serum were employed. 
The quantity ranged from 0*0005 c.c. to 1 c.c. To each of these 
amounts constant volumes of fresh normal serum and bacterial 
suspension were added, and the different mixtures were plated. 
As the amounts of immune serum increased, the number of 
colonies developing on the plates diminished until sterile plates 
were obtained, bacteriolysis being complete. Then, as the 
amounts of immune serum further increased, colonies began again 
to appear, and finally became numerous. They explained this 

anomalous reaction, the absence 
of bacteriolysis with largo amounts 
of immune serum, as follows : 
When the amboceptors are m 
large excess, a portion combines 
with the complement, leaving 
some amboceptors free, and these 
free amboceptors then unite with 
the receptors before the acti- 
vated amboceptors (amboceptors 
-f- complement) do, and thus the 
complement - amboceptor groups 
are rendered inert. The reaction 
is represented diagrannnatically 
in Pig. 32. Arrhenius suggested 
that the phenomenon may he ex- 
plained by the laws of collodial 
reactions. Tlij 0 tta,* from a num- 
ber of * carefully thought - out 
experiments, believes that the 
phenomenon is brought about by the presence of inhibiting bodies 
which must be regarded as specific anti -bodies which combine with 
dissolved antigen to form complexes which have a marked 
tendency to absorb complement and to withdraw it from bacteri- 
cidal anti-bodies, i.e ., they function as anti -complement. 

Pandit,| in the author’s laboratory, re-investigated the subject, 
and came to the conclusion that the Neisser -Weclisberg pheno- 
menon is not due to 44 Mocking ” of complement, for complement 
can he shown to exist free in the inhibiting mixture. Nor is it due 
to the action of specific inhibiting bodies, as supposed by Thj 0 tta. 
His experiments indicate that the phenomenon is due to dis- 



Fig 32 — Diagram to represent 
the condition of the blood m 
which there is an excess of 
amboceptors (Neisser - Wechs- 
berg phenomenon). The ambo- 
ceptors (white) unite with both 
complement (black) and re- 
ceptors (dotted), so that the 
receptors cannot combine with 
the ambocex-itor - complement 
groups. 


* Journ. of Immunology, v., 1920, No. 1. 
f Journ . of Hygiene, vol. xxi., 1923, No. 4, p. 406. 
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soolation of the antigen -amboceptor complex, such dissociation 
occurring only when the amboceptors are in large excess. A 
similar phenomenon may be obtained with precipitating sera, and 
also with haemolytic serum, a large excess of the haemolytic ambo- 
ceptor inhibiting haemolysis. 

Aggressins. 

Kruse suggested that for infection to take place the invading 
bacteria must elaborate chemical substances which so act on the 
cells and fluids of the invaded animal that they overcome its 
natural resistance against infection. Koch observed that if a 
tuberculous animal is in 3 ected intrapentoneally with a fresh 
culture of the tubercle bacillus, it quickly succumbs to an acute 
attack of the disease, and the peritoneal exudate is composed 
almost wholly of lymphocytes. Bail found that if sterilised tuber- 
culous exudate is injected into an animal, it has practically no 
effect. If living tubercle bacilli are injected lesions slowly 
develop, and the animal dies m the course of some weeks. But 
if sterile exudate and living bacilli are injected together, death 
follows m about twenty -four hours. Bail regarded this result as 
being due to the action of some substance m the exudate which 
promotes the “ aggressive 55 powers of the organisms, and he, 
therefore, teimed such a substance w * aggressm 99 The aggressins 
are supposed to be secreted by the living uninjured bacteria, and 
not to be extracts, nor derived by solution, of the bacteria ; they 
occur particularly in the fluids of pathological oedemas and 
exudates, and may be obtained from these by centrifugation and 
sterilisation at low temperatures Bail believes that the aggressins 
cannot be anti -complements, anti -immune bodies, etc., but are 
substances heretofore unrecognised and the active substances of 
the infection, and he considers that in order to produce true 
immunity m disease anti-aggressin sera must be prepared. The 
following are some of the properties of these supposed aggressins : 
(1) Sterilised aggressm with a non -lethal dose of the corresponding 
organism renders the latter fatal ; (2) aggressin alone is only 

slowly toxic, producing a prolonged illness with emaciation pre- 
ceding death ; (3) inoculation of aggressin with bacteriolytic 

serum into the peritoneal cavity suspends the action of the latter ; 
(4) aggressm with bacteria blocks phagocytosis. Bail believes that 
the aggressins promote infection by interfering with the protective 
mechanism of the infected animal, particularly, if not solely, by 
inhibiting phagocytosis. Upon the power to produce aggressin. 
Bail has classified bacteria into (1) true parasites which always 
produce aggressin, e.g anthrax and chicken cholera ; (2) half- 

parasites, the aggressm-producing power of which is variable, e.g 

3VE.B. 11 
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typhoid, cholera, dysentery, and plague ; (3) saprophytes. The 
virulence of an organism does not coincide with aggrexsi v i fy , and 
extremely virulent bacteria may be half -parasites. 

Bail’s hypotheses have been much criticised, sum l Waxsermann 
and Citron believe that the supposed aggressors are derivatives of 
the bacteria] protoplasm which have the power of combining with 
the specific protective substances of the animal and so inhibit the 
action of the latter ; they are, in fact, endotoxins of feeble 
toxicity. 

Haemolysis. — By “ haemolysis is meant the solution of 
red blood-corpuscles and the setting free of their contained 
haemoglobin. Many reagents possess this property of dissolving 
red corpuscles, such as distilled water, dilute acids, some 
bacterial toxins and snake venoms and saponin. Some blood 
sera when fresh also possess a similar power of dissolving the 
red corpuscles of another species, for example, goat serum 
<c haemolyses 99 rabbit and guinea-pig corpuscles, and ox and 
human sera usually haemolyse sheep corpuscles. The solvent 
substances causing haemolysis are known as kt luomolysms.” 
The haemolysin content of a naturally haemolytic serum is 
usually small, so that if the serum he diluted live or six times 
with saline it no longer haemolyses. Bed corpuscles act, 
however, as antigm, and by injecting them into an animal 
haemolysin is formed in large amount and is specific, luemo- 
lysmg only the corpuscles with which it has been formed To 
such an artificially formed haemolysin the name of immune 
haemolysin 55 may he given. An immune hamiolytio serum may 
be very active, haemolysin g up to dilutions of 1 m 1,000, 1 in 
2,000, or more. 

The haemolytic serum, whether natural or immune, acts 
only when fresh — if it be kept for a week or be heated to 
56° C. it loses its haemolytic power. Such an* inactive, serum 
may be activated, or rendered haemolytic once more, by the 
addition of fresh normal serum. The inactive haemolytic 
serum retains its power of being activated by fresh serum for 
long periods, only slowly deteriorating. Bacteriolytic and 
haemolytic sera are, therefore, alike in several respects, for 
both become inactive on keeping or on heating, and both can 
again he rendered active by the addition of fresh normal 
serum. The process of haemolysis, moreover, is similar to that 
of bacteriolysis, for if corpuscles and fresh normal serum be 
allowed to interact, be washed, and haemolytic serum be then 
added, no haemolysis takes place ; but if the order of treat- 
ment be reversed — corpuscles first treated with haemolytic 
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serum, washed, and the fresh normal serum then added — 
haemolysis takes place. Specificity is also evinced with haemo- 
lytic serum as with a bacteriolytic one ; an immune haemolytic 
serum haemolyses only the corpuscles with which it was pre- 
pared There is, therefore, a complete analogy in the activities 
of haemolytic and of bacteriolytic sera The haemolysin may be 
regarded as an amboceptor or immune body which is active 
only in the presence of complement. Moreover, the complement 
which hsemolyses seems to be identical (and is so for all practical 
purposes) with the complement that bactenolyses or is taken 
up or fixed by a bacterial amboceptor * Thus, after haemolysis 
of corpuscles with haemolytic serum and complement, the 
mixture will not induce bacteriolysis with a bacterium and 
bacteriolytic serum and vice versa (provided, of course, excess 
of complement be avoided). This fact, known as the ct Bordet- 
Gengou phenomenon , 55 is of great importance, for upon it are 
based the various complement fixation reactions, such as the 
Wassermann reaction in syphilis. 

Within limits, haemolysis is a quantitative reaction. For a 
given quantity of corpuscles a certain minimal amount of 
haemolytic amboceptor and of complement is necessary for 
complete haemolysis of all the corpuscles, but the amounts of 
amboceptor and complement may be slightly varied, and 
deficiency of amboceptor to some extent compensated by 
increase of complement, and vice versa. If haemolytic ambo- 
ceptor be m large excess, inhibition may occur (as with a 
bacteriolytic serum), and no haemolysis ensues. 

It is of interest that haemoglobin itself is not antigenic, so 
that haemolysm dissolves the envelope and stroma of the red 
corpuscles, setting free the contained haemoglobin. 

Haemolysin formed by the injection of corpuscles of another 
species is termed “ heterolysm 55 If corpuscles of the same 
species be injected, haemolysin is formed (“ isolysm 55 ), but 
the injection of the animahs own corpuscles does not give rise 
to haemolysin, u autolysin 55 is not formed This is obviously 
a protective mechanism 

Many bacteria — e g. y B . pyocyaneus , B. typhosus , staphy- 
lococci and streptococci — form among their products haemo- 

* As previously stated (p. 158), numerous complements undoubtedly 
exist, yet bacteria will absorb both bacteriolytic and haemolytic comple- 
ments. Bordet and Gengou suppose that while a particular amboceptor 
has a maximum avidity for its homologous complement (which may be 
termed dominant), it is also able to take up other cc non-dominant *’ comple- 
ments, and thus bacteriolytic amboceptor is able to absorb both bacteriolytic 
(dominant) and haemolytic (non-dominant) complements. 

11 — 2 
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lysins in the culture, and the haemoglobin staining occurring 
m septic diseases, etc., may be partly due to the action of 
bodies of this nature elaborated by tlie infecting organisms. 
These bacterial hemolysins are, however, substances quite 
different from the immune hemolysins obtained by injecting 
an animal with blood corpuscles. They act directly upon the 
corpuscles without the intervention of complement. 

Cy to toxins. — Anti-sera, analogous to the hamioIyMiis or 
hsemotoxins, may he prepared which have a destructive action 
upon cellular elements; these are termed " eytotoxins " If a 
rahbit he injected with hull's semen, its serum ( “ spermotoxm ") 
acquires the property of immobilising the spermatozoa of the hull. 
The reaction is specific, but sperm ato lysis does not seem to occur 
Similarly, by injecting ciliated epithelium into the peritoneum of 
a guinea-pig an anti -epithelial serum, or l *'’ t.richo toxin," is deve- 
loped. With liver, kidney, and nerve colls anti -bodies having a 
destructive action upon these cells are developed as a result, of 
their infection. Nophro toxin, the serum ot an animal inoculated 
with an emulsion of kidney, when injected into a second untreated 
animal, produces albuminuria ami uraunia with disintegration of 
the epithelium of the convoluted tubules , hepatotoxin, the serum 
of an animal treated with emulsions of liver, produces fatty and 
inflammatory changes in the liver resembling phosphorus poison- 
ing ; neurotoxm, the serum of an animal treated with emulsions 
of nerve tissues, produces paresis, paralysis, depression, con- 
vulsions, etc. ; a leucotoxic serum obtained by injecting leucocytes 
agglutinates and dissolves the leucocytes, and so on The forma- 
tion and mode of action of these eytotoxins resemble those ot the 
hsemo lysins. It was hoped that the study and preparation of 
eytotoxins would open up possibilities in the way of treat ing such 
diseases as carcinoma and sarcoma, blit so far this hope. Inn not 
been realised (see al-o p. 539). 

Practical Uses of Hemolysis, etc. 

1. Haemolysis TghL 

Some micro-organisms produce non-specific luxunolysius in 
culture, others do not : this may constitute a difference between 
allied organisms. Por instance true cholera vibrios do not 
haemolyse, while many cholera-like vibrios do. The test, can 
he applied in two ways : {a) Dehbrmated rabbits' blood may bo 
mixed with melted agar cooled to 45° (1. The mixture is poured 
into Petri dishes, allowed to set, and when cool inoculated with 
the organism to be tested in such a manner that separate, well- 
defined colonies are obtained. After twenty -four hours' incuba- 
tion at 37° C., colonies when h*»molyt'c are surrounded with a 
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clear, well -defined halo, contrasting sharply with the dark opaque 
colour of the agar. If blood -agar is not available, a substitute 
may be devised by smearing some sterile human or rabbits' blood 
on a sterile agar plate, (b) A young agar culture is emulsified in 
4—5 c.c. of physiological salt solution ; 0*1 c.c. of this suspension 
is mixed m a small tube with 0 9 c.c. of sterile salt solution and 
one drop of a sterile suspension of well-washed rabbit or other 
corpuscles. After twelve to twenty -four hours’ incubation haemo- 
lysis will be apparent if the organism forms haemolysins. 

2. Tvjcation or Absorption of Complement Test A 

Complement is absorbed or fixed only m the presence of both 
antigen and homologous amboceptor ; if antigen and amboceptor 
be heterologous, complement remains free. The relationship of 
antigen and amboceptor may, therefore, be determined by ascer- 
taining whether complement is absorbed or not m their presence. 
Antigen or amboceptor may thus be identified provided the other 
constituent, amboceptor or antigen, is known. Tins is the basis 
of the complement fixation test. It is more frequently employed 
for the diagnosis of an infection, the antigen being the known 
constituent, and the ambocejitor present in the patient's serum 
being the unknown. It may also be used for the identification of 
an organism, which then forms the unknown antigen, the ambo- 
ceptor being a known immune serum Actually, for the identifica- 
tion of an organism, complement fixation is less frequently 
employed, agglutination and absorption tests generally sufficing, 
and being simpler to perform. 

It is clear that m order to ascertain whether complement is 
absorbed or not, it is necessary to make use of some reagent or 
indicator which will react m the presence of free complement in 
some obvious manner. For this purpose, red blood corpuscles 
with the corresponding haemolytic serum are made use of. If 
complement is absorbed m the presence of an antigen and ambo- 
ceptor, on adding corpuscles and haemolytic serum, no haemolysis 
ensues , if complement is not absorbed m these circumstances, 
on adding corpuscles and haemolytic serum haemolysis occurs, and 
is obvious to the eye. 

In principle, complement absorption or fixation is performed by 
making a mixture of antigen, amboceptor and complement ; if 
antigen has to he identified, amboceptor must be known, and vice 
versa. The mixture is then incubated for half to one hour at 
37° C., as the union of complement with the antigen -amboceptor 
complex takes an appreciable time, and is hastened by warming. 
When incubation is completed, red corpuscles and corresponding 


* Often termed et deviation of complement ” test. 
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haemolytic serum are added to tlie mixture, which is then again 
incubated. If complement has not been absorbed in the presence 
of antigen and amboceptor, haemolysis ensues. This means that 
antigen and amboceptor are unlike or heterologous On the other 
hand, if no haemolysis ensues, complement has been absorbed. 
This can take place only if the antigen -amboceptor complex has 
been formed, which occurs only when antigen and amboceptor are 
alike or homologous. 

The quantities of the reacting constituents- — antigen, ambo- 
ceptor and complement — must be adjusted within certain limits, 
for their interaction *is roughly quantitative. This applies par- 
ticularly to the amount of complement, which must not be m 
excess of that capable of being absorbed by the antigen-audio - 
ceptor complex, if this is formed. 

The reagents required for a complement fixation tost are (1) 
antigen, (2) amboceptor or immune serum, (3) complement, 
(4) red corpuscles and corresponding luxmiolytio scrum 

(1) J Preparation of the Ant'igen. — If an organism is to he identified 
the antigen is prepared with it , if the diagnosis of an infection is 
desired, a polyvalent antigen is prepared with several strains of 
the organism suspected to be the infecting agent. 

(a) A simple bacterial antigen may be prepared by cultivating 
in broth for forty -eight hours, or upon a solid medium and emul- 
sifying the growth in saline. The culture or emulsion is shaken 
for an hour to break up clumps and then heated to 00 11 - f>5° Cl. for 
an hour. It is preserved by the addition of 1 per cent of glycerin 
and 0*5 per cent, of phenol. 

( b ) The growth from several cultures on agar or other solid 
medium is washed off with a small quantity of saline and the 
emulsion is centrifuged. The sediment is collected, dried over 
sulphuric acid and weighed. The dry mass is ground up in an 
agate mortar with a weighed amount of solid sodium chloride 
After thorough grinding sufficient distilled water is ad < led to yield 
about 0*85 per cent, saline, and so that the solution will contain 
about 0*05 grm. of dry bacterial matter per cubic centimetre of 
solution ; this can be arrived at from the weight of dry bacterial 
mass used and an appropriate amount of salt added. Thus, if 
the bacterial mass weighed 0-5 grm., it should be ground up with 
about 0*08 grm. of salt and 10 c.c. of distilled water added. The 
emulsion is then shaken for twenty -four hours, filtered or centri- 
fuged, and the fluid is preserved with 0*5 per cent, of phenol. 

(2) The Test. — The subsequent procedure may be carried out 
exactly in the same manner as the WaBBonnami reaction (see 
“Syphilis”) and comprises (1) standardisation of the antigen, 
(2) titration of the hemolytic serum, (3) titration of the comple- 
ment, for which fresh guinea-pig serum is used, and, if a bacterial 
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species is to be identified* (4) titration of the immune serum against 
an antigen prepared from its homologous micro-organism. If a 
patient’s serum is being tested with a known bacterial antigen, 
after the preliminary titrations (1), (2) and (3) have been com- 
pleted, two series of tubes are put up, the one containing patient’s 
serum, the other normal serum (both inactivated), m similar dilu- 
tions, e.g., un diluted, and diluted 1 m 2, 1 m 4, 1 in 8, 1 m 16, . . . 
If specific fixative substances be present in the patient's serum ^ 
fixation of complement will take place m dilutions much he low 
that in which it occurs with the normal serum. 

In the titrations and test proper, similar volumes of the different 
reagents and the same total volumes should be employed. Any 
convenient unit volume may be used, e.g 0*5 e.c. or 0*1 c.e., or 
less. Thus, we might adopt (as for the h T assermann reaction) 
0*1 c c. as our unit volume, and quantities m the test of 5 volumes 
of antigen dilution ; 5 volumes of complement dilution ; I volume 
of the various dilutions of serum ; and 5 volumes of haemolytic 
system (— corpuscles + haemolytic serum), containing 3—5 mini- 
mal haemolytic doses of haemolytic serum. Serum haemolytic foi 
sheep’s corpuscles is generally employed, and the sheep’s cor- 
puscles used in the test must be well washed and a 4—5 per cent, 
suspension employed. 

In order to titrate the antigen a series of dilutions of it is pre- 
pared, eg, 1 m 5, I m 10, 1 m 20, I m 30, . . 1 m 50. Five volumes 

of each dilution are taken m a senes of tubes ; to each tube are 
added a unit volume of inactivated normal serum and 5 volumes 
of complement dilution, containing 2—3 minimal haemolytic doses 
as determined by a previous titration of the complement serum. 
The mixtuies are heated at 37° C for half an hour, and to each 
are then added 5 volumes of the haemolytic system. The mixtures 
are again heated at 37° C for half an hour. At the end of this 
period the tubes are examined and the highest dilution of antigen 
giving no haemolysis is noted. A second similar test may then be 
performed using dilutions of antigen a little above and below this 
dilution, so that the dilution of antigen yielding complete inhibition 
of haemolysis may be more closely determined. Having found the 
weakest dilution of antigen which just completely inhibits haemo- 
lysis, about half this strength of antigen should be used m the actual 
test. 

The haemolytic serum may be obtained by injecting rabbits with 
a 10 per cent, suspension of well-washed sheep’s red corpuscles 
The suspension of washed sheep’s corpuscles is prepared as 
described under the Wassermann reaction. Three doses of 1 c.c., 
2 c.c., and 3 c.c. respectively of the 10 per cent, suspension are 
given intravenously on successive days, and after an interval of 
five to seven days the rabbit’s serum should be strongly hsemolytc. 
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The animal is hied and the serum collected asoptieally, inactivated 
by heating to 56 ° C. for half an hour, and preserved m sealed 
ampoules. Yery active haemolytic sera, may be purchased. 

Agglutination. — If an animal be injected with sub-lethal 
doses of living or dead bacterial culture, e.g typhoid or 
cholera, its serum soon acquires the property of agglutinating, 
that is, of aggregating into masses or clumps, typhoid bacilli 
or cholera vibrios respectively when added to a broth culture 
or uniform suspension of these organisms The rea.ct.ion may 
be observed microscopically in a hanging-drop preparation ; 
the organisms first lose their motility and soon become aggre- 
gated into large masses or clumps. Macrosc.opically, the 
reaction may be followed in a narrow test-tube into which the 
mixture of culture and serum has been introduced ; after some 
hours the micro-organisms become aggregated into masses so 
large as to form visible flocculi, which in time tend to subside 
to the bottom of the tube. The substances which bring about 
this agglutination are known as agglutinins Agglutinins are 
present in. small amount m normal serum , for instance, most 
normal human sera up to a dilution of 1 in 5 or 1 in 10 will 
agglutinate the typhoid bacillus and still more powerfully the 
glanders bacillus. Agglutinin is anti-body, formed by the 
action of antigen derived from the bacterial cell, and agglutina- 
tion is brought about by the action of the agglutinin on the 
antigen. 

The agglutinin of an agglutinating serum usually agglu- 
tinates only the homologous organism, and in the process is 
taken up and absorbed by the organism, and more or less 
completely removed from the serum. This interaction is to 
some extent quantitative, and a given amount of culture 
absorbs only a certain maximum amount of agglutinin. The 
fact that an agglutinating serum for the most part agglutinates 
only its homologous organism renders agglutination a valuable 
test for identifying a micro-organism, and it is commonly 
available for bacteria, yeasts and protozoa. Moreover, in the 
process of a natural infection, agglutinins are similarly formed 
and accumulate in the serum, so that agglutination may be 
employed as a very useful test of the nature of an infection. 

The fact that agglutinin is absorbed by the homologous 
organism may be made use of as a valuable extension of the 
agglutination test, and it is even more delicate than the latter. 
Thus, an agglutinating serum may agglutinate two or more 
races of an organism, or even, to a limited extent, heterologous 
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organisms, but if the serum be saturated with culture so that 
the agglutinin may be absorbed and taken up, the absorption 
will usually be complete only with the strictly homologous 
organism, and in this way different races of an organism, e.g 
the meningococcus, may be differentiated. Absorption of 
agglutinin is determined by saturating the agglutinating serum 
with culture, centrifuging, and then testing whether the super- 
natant fluid will agglutinate or not , this is known as the 
absorption, or saturation, test of Castellani 

Under the name of the Bordet-Durham reaction, 5 agglu- 
tination is employed to identify an organism that has been 
isolated, e.g., presumed paratyphoid, Gartner and dysentery 
bacilli and cholera vibrio. For this purpose agglutinating sera 
of high titre {% e., possessing considerable agglutinating power) 
are prepared with known strains of the organisms which are 
to be determined, and the organism isolated is tested with 
the appropriate serum. With necessary precautions and 
controls, the Bordet-Durham reaction is one of the most 
certain and specific for the recognition of species of bacteria, 
and becomes still more so if the saturation test be employed 
in addition. 

For the diagnosis of disease, the agglutination reaction is 
particularly employed in presumed typhoid, paratyphoid and 
undulant (Malta) fever infections, and m this connection is 
frequently termed the Widal reaction,” the agglutinating 
power of the patient’s serum being determined upon a known 
culture of the organism presumed to be the infecting agent 

Different strains of an organism vary in some degree as to 
their capacity for being agglutinated by the homologous 
serum, so that for agglutination tests a specially chosen and 
appropriate culture ought to be employed. 

The agglutination of organisms by anti-sera, though not 
always entirely specific, is usually very specialised ; given 
proper precautions as to dilution, time-limit, condition oi test 
culture, etc., an anti-serum will generally only agglutinate the 
homologous organism or closely allied species — that is, it is to 
some extent a group reaction * If agglutination of allied 
organisms take place — “ multiple, cross or co -agglutination,” 
as it is termed — it is not so marked as that of the homologous 
organism. Anti-typhoid serum, for example, may agglutinate 
not only the typhoid bacillus, but also, though to a less degree, 
members of the paratyphoid group. The degree of agglu- 

* Typhus serum possesses peculiar agglutinating properties (see section 
on “ Typhus fever ”). 
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tination Is ascertained by determining the limit of dilution of 
the agglutinating serum which causes agglutination - the 
homologous organism is agglutinated by a higher dilution than 
an allied organism. As the result of infection, agglutinins may 
be present in the serum which similarly agglutinate not only 
the organism of the infection, but also other organisms A 
e.g typhoid serum may agglutinate B. pamfyphosus and B. 
coU as well as B. typhosu s ; the agglutination is, however 
always much more marked with the homologous organism. 
The agglutinins acting on the infecting organism may be 
termed primary or homologous, those acting on other organ- 
isms secondary or heterologous. In a case of double infection 
each organism may produce its own primary agglutinin, so 
that the agglutination of two species by a serum may be due 
to the presence either of primary and secondary agglutinins or 
of two primary agglutinins. Castellani,* by applying the 
saturation test, found that an organism absorbs both its 
primary and secondary agglutinins, but does not. absorb two 
primary agglutinins. This test would, therefore, distinguish 
a double infection from a single one. Thus, if a typhoid 
serum agglutinated both B. typhosus and B. pamly'phosus, 
and the serum after saturation with typhoid culture still 
agglutinated B. paratypkosus , this would point to an infec- 
tion with the latter as well as with B. typhosus. The 
formation of primary and secondary agglutinins has been 
explained as follows : The bacterial cell may be regarded as 
consisting of a complex of substances, all of which act as 
antigens and form agglutinins — the agglutinin produced by 
the cell is really a mixture of closely allied agglutinins. In the 
case of the cells of two bacterial species, the sera formed by 
which exhibit cross-agglutination, it may be conceived that 
a small portion of the cell complex of each species is identical, 
or almost so, and will therefore form some common agglutinin 

the secondary agglutinin — and, consequently, the serum 
produced by each bacterium tends to agglutinate the other 
organism. 

That the agglutinin produced by a bacterium may be a 
mixture of separate agglutinins is shown by Jogs’ s work, j 
He found that unheated and heated emulsions of B. typhosus 
give rise to sera differing in their agglutinating properties. He 
concluded that the agglutinogen of B. typhosus consists of two 

i 1902 > P* l ' See Taylor, Journ. of Uyg. 9 vol. xvii., 

lyio, p. 4:io (J Resume). 

t Oentr . /. Bahteriol , 1903, Abt. I. (Orig.), vol. xxxiii., p. 762. 
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parts, A and B. The A agglutinogen is destroyed by heating 
to 62° a, the B agglutinogen is not. The unheated culture 
gives rise to both A and B agglutinins, the heated culture only 
to B agglutinin The A agglutinin forms coarse flocculi and 
is resistant to heating to 62° C., the B agglutinin forms fine 
clumps and is impaired by heating. According to Goyle, B. 
typhosus and B . entemtidis may sometimes contain as many as 
three antigens — a heat-labile, a specific heat-stable, and a non- 
specific heat-stable — which form their corresponding agglu- 
tinins, and the possession of this non-specific heat-stable 
antigen by these two organisms gives rise to cross agglutination 
so commonly observed with them. 

A remarkable phenomenon observed in connection with 
agglutination is the occurrence of what may be termed a zone 
of no reaction or of inhibition with some particular dilution of 
the serum. Thus, dilutions of 1 in 20 and 1 in 30 may agglu- 
tinate strongly ; a 1 in 40, however, may hardly agglutinate 
at all, while dilutions of 1 in 50 and upwards to 1 in 100 or 
more may agglutinate well. 

Agglutination is not confined to micro-organisms, but other 
cells may give rise to agglutinins which agglutinate them. 
Thus, anti-serum, prepared by injecting erythrocytes, agglu- 
tinates the red blood-corpuscles, and m certain diseases, e y 
pneumonia, ehromocyte clumping may be a marked feature. 
In the latter instance, the red corpuscles extravasated into 
the pulmonary alveoli probably act as antigen and give rise to 
the production of 46 erythrocyte agglutinin. 5 ? 

Substances are also present m bacterial cultures which give 
rise to agglutination of the organisms of the culture Thus, 
the filtrate of a week-old typhoid broth culture will agglutinate 
typhoid bacilli. These agglutinating substances are quite 
different from the immune agglutinins of an agglutinating 
serum 

The mechanism of agglutination and the manner m which it 
is brought about may now be considered Agglutinin is a 
relatively stable substance, and an agglutinating serum retains 
its activity for long periods, deteriorating slowly. Heating to 
56° C. does not destroy agglutinin, so that it has nothing to do 
with complement, which takes no part in its action. Ehrlich 
regarded agglutinin as a receptor of the second order (see p. 
139), possessing a haptophore group and an ergophore group. 
As is generally the case, the haptophore is the more stable 
(c/. toxin), and by heating agglutinating serum to 70°— 75° C. 
the ergophore group is destroyed, so that it no longer agglu- 
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tinates, but the haptophore group remains, and the heated 
non-active agglutinin is still capable of uniting with the homo- 
logous bacterium. This is demonstrated by the fact- that 
bacteria treated with heated agglutinin no longer agglutinate 
with an active serum— the heated agglutinin has been absorbed 
by the bacteria, the haptophore group remaining intact and 
saturating the receptor group of the bacterium, so that the 
active agglutinin cannot become attached. The inactive 
agglutinin retaining the haptophore group may bo termed 
“ agglutinoid ” ( cf . toxin and toxoid). 

Two stages may be distinguished in the act of agglutinat ion, 
first the taking up of the agglutinin by the organisms by 
adsorption, and secondly the agglutination oi the organisms 
charged with agglutinin. These two stages can be shown by- 
treating the bacteria with agglutinating serum at 0° CL ; no 
agglutination takes place at this temperature, but the organ- 
isms absorb agglutinin, for if they be centrifuged, washed, and 
suspended in saline at 20°~37° CL, agglutination then occurs. 
A certain amount of sodium chloride or other salt which is an 
electrolyte must also be present for agglutination to take 
place. In the absence of salts, Le., of electrolytes, no agglu- 
tination takes place, even though agglutinin has been absorbed. 

Various hypotheses have been formulated m the past to 
account for agglutination, such as vital paralysis oi the 
bacteria, the development of adhesiveness by the bacteria, or 
a precipitating action in the medium carrying down the 
bacteria, hut none of these is satisfactory. Bordet first recog- 
nised that agglutination is very much akin with the flocculation 
of colloidal solutions by saturation with salts. If a young 
culture of, say, the typhoid bacillus be examined, the actively 
motile bacilli will be noticed to collide with one another con- 
tinuously, yet they do not aggregate into masses. Some force 
of repulsion must exist, otherwise the organisms would cer- 
tainly aggregate, for there is a tendency for fine particles in 
suspension to aggregate into masses, as is seen in the floccu- 
lation of the particles of protein in a heated or salted solution 
of egg-white. The force of repulsion is an electrical one, the 
bacteria are negatively charged particles, and particles bearing 
the same electric charge mutually repel one another. The 
negatively charged bacteria are of the nature of emulsoid 
colloids, and are not precipitated by small amounts of electro- 
lytes. By adsorption of agglutinin they acquire the properties 
of suspensoid colloids and are then precipitated, agglu- 

tinated, by the salts present. The taking up of agglutinin by 
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the bacteria is in harmony with the adsorption equation. 
The zones of no reaction, already mentioned, may be due to 
reversal of the sign, or increase, of the electric charge on the 
suspended particles m particular concentrations of suspensoid 
and electrolyte. Thus, with heat-coagulated protein which 
has flocculated, the addition of electrolytes — acids, alkalies 
and certain salts — may increase the electric charge of the 
particles so that the aggregated particles again disperse. 
Specificity is not explained by this hypothesis ; it may be due 
to secondary chemical interactions. 

The phenomena of serum agglutination of bacteria may be 
reproduced with certain acids and salts which m particular 
concentrations cause agglutination of bacteria. Concentration 
both of the electrolyte (the salt) and of the antigen (bacterium) 


Agglutination of Meningococci suspended in Distilled Water 
with Cerous Nitrate ( twenty hours at 56° (7.). 


Molecular concentration 

Antigen 

Antigen 

Antigen 

of solution ot 

1,000 parts 

500 parts 

250 parts 

Co (N0 3 )3 

per million 

per million 

|iei million 

M/20 . 

t + + + 

+ + + + 

+ + + -r 

M/40 

+ + 4- 

+ + + 

+ 

M/80 

+ + 

+ 4- 

+ 

M/100 . 

0 

0 

0 

M/320 . 

0 

0 

0 

M/040 

1 + + + . 

0 

0 

M/1,280 

4- + + + 

4-4-14- 

j 0 

M/2, 500 

+ + 4~ + 

+ 4-4-4- 

+ 4- + + 

M/5,120 

0 

+ + + + 

+ + + -'t~ 

M/10,240 . . , 

0 

0 

0 

M/20,480 

0 
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0 
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affects the result, as is seen m the above table, which illustrates 
the effect of cerous nitrate in agglutinating meningococci sus- 
pended m distilled water, the extent of agglutination being 
represented by the number of + signs. 

This table illustrates very well (1) the agglutination of a 
bacterium by an inorganic salt, (2) the zones of no reaction 
with particular concentrations of the salt, and (3) variations of 
agglutination with the concentration of the antigen.* 

As indicated, various inorganic substances may cause agglu- 
tination of bacteria, particularly acids. Michaelis found that 
acid agglutination might be employed to some extent for the 

* See a good resume on agglutination by K. 35, Buchanan in Jonrn, of 
Bacteriology, vol. iv , 1919, No 2, p 73. 
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differentiation of bacterial species, on the basis that the hydro- 
gen-ion concentration at which agglutination is maximal is 
characteristic for various species of closely allied types. 
Mixtures of lactic acid and sodium lactate have generally been 
used for this purpose. 

The vitality of agglutinated bacteria is not injured by 
agglutination ; they will, in fact, grow and multiply m an 
agglutinating serum. The amount of agglutination does not 
bear any constant ratio to the intensity oF an infection, though, 
on the whole, if the patient is reacting satisfactorily to an 
infection, the agglutination reaction tends to be marked ; if 
not, it tends to be feeble or absent, e.g ., m severe typhoid 
infections with fatal issue. This, while true for an aggregate 
of cases, is not necessarily true for any particular case. Agglu- 
tinins are probably formed m the polymorphonuclear leuco- 
cytes. 

In order to obtain reliable results by the agglutination method in 
the diagnosis of disease, and particularly to compare the intensity 
of agglutination at different stages of an attack and m different 
individuals, it is necessary to employ the same method, the same 
dilutions, and cultures of the same aggluti liability In order to 
standardise these factors, Dreyer * introduced the “ Standard 
Agglutination Method 5 5 for use m typhoid and paratyphoid fevers 
and bacillary dysentery. “ Standard ” dead cultures of the 
respective organisms are employed, and the test is a macroscopic 
one done m small tubes (for method of carrying it out see section 
on ut Typhoid Fever T1 ) 

The following details and terms are used m connection with it : 

(1) Standard Agglutinable Cultures are prepared of definite 
opacity and measured agglutinability from strains of organisms 
specially selected for their high specificity. In successive hatches 
the relative sensitiveness to agglutination of the bacilli contained 
is indicated by a figure — the so-called Reduction Factor — the 
original standard agglutmable cultures having been arbitrarily 
given the figure 2*5 as a reduction factor. The reason for this will 
appear immediately in connection with the Standard Agglutinin 
Unit 

(2) Standard Agglutination is the degree of agglutination present 
in the highest serum dilution in which marked agglutination 
without sedimentation can be seen by the naked eye. 

(3) The Standard Agglutinin Unit is that amount of agglutinat- 
ing serum which when made up to 1 c.c. with normal salme 
solution causes standard agglutination on being mixed with 


* See Lancet , 1917, vol. i., pp. 365 and 568 (Kefs.). 
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1*5 c.c. of the original standard agglutinable culture and main- 
tained at 55° C. for two hours (in the case of dysentery agglutina- 
tion four and a half hours) in a water -bath ? followed by fifteen to 
twenty minutes at the room temperature. 

(4) The Reduction Factor . — The total volume in which the re- 
action occurs being 2-5 c.c. (1 c.c. of serum added to 1 5 c.c. of 
standard culture), the original standard agglutinable culture was 
given the reduction factor of 2*5 to express the sensitiveness to 
agglutination of that particular culture. All subsequent batches 
of culture have been given reduction factors calculated on this 
basis, thus securing constancy in the agglutinin unit. For example, 
if a batch of standard culture proves to be twice as sensitive to 
agglutination as the original standard, so that half the amount of 
serum produces standard agglutination under test conditions, the 
new standard culture is given a reduction factor of double the size 
of the original factor — i.e 5. 

The Agglutination [Reaction.* 

The agglutination (Widal) reaction is principally employed for 
the diagnosis of typhoid, paratyphoid and undulant fevers and 
bacillary dysentery. For the identification of bacterial species the 
agglutination (Bordet -Durham) reaction is of wide application, 
and its extension by the saturation test is still more delicate. 

The temperature should not be below 20° C., and agglutination 
is more rapid at 37° C. For comparative observations, the 
relative amount of culture should be the same m each specimen. 

Collection of Blood. — Blood may be collected from patients as 
detailed at p 106. 

If tubes are not available, the blood may be spotted on to a 
piece of glass, cover -glass, or slide, glazed paper, tinfoil, etc., and 
allowed to dry. For use, a drop of distilled water is placed on the 
dry blood to dissolve it, and the solution used like serum. 

Dilution of the Serum. — This may be carried out in various ways, 
with the haemo cytometer pipette, with a simple pipette with 
rubber teat as used for opsonin work (Fig. 34, a, p. 197), with a 
throttled pipette, by the drop method (see p. 40) or even with a 
platinum loop. With the simple pipette a little serum is aspirated 
up so as to occupy 1 2 cm. of the stem, and the upper limit is 
marked with a grease pencil or ink. A bubble of air is next 
admitted, and then salt solution is aspirated up to the mark, 
another bubble of air is admitted, and the process is repeated 
again and again ; so that, finally, the pipette contains 1 volume 
of serum and 4—14 volumes of salt solution, each volume being 
separated from the next one by an air -bubble. The contents of 


See Medical Research Council, Special Report Series, No. 51. 
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the pipette are tlien expelled, into a watch -glass and thoroughly 
mixed, and further dilution of this dihxtion is performed in the 
same manner. Two or three dilutions are usually inade---c.gr., 
1 m 25, 1 in 50, and 1 in 100. A platinum loop may also he 
employed as a rough measure , a loopful of the serum is deposited 
m a watch-glass, and by spotting round it nine or fourteen loops 
of salt solution a dilution of 1 in 10 or 1 m 15 is prepared, or any 
other dilution m a similar manner. 

(1) The Microscopic Method . — Principally employed for the 
diagnosis of disease, but may also be used for tlu* recognition of 
bacterial species. Three or lour cover -glasses are cleaned. One 
loopful of a dilution of serum is placed on each cover-glass, and to 
each is added a loopful of the broth culture of the organism- c.<y., 
typhoid — and well mixed up, and the specimens are mounted as 
hanging-drops. Starting with three dilutions of serum o y., 1 m 
15, 1 in 30, and 1 m 60 — the dilutions in the specimens will be 
1 m 30, 1 in 60, and 1 m 120 respectively. 

Tor the microscopic test a young (twenty -four to fort y -eight 
hours) broth culture of the organism is to be preferred. A con- 
trol hanging-drop of it should be made before use to asceit am that 
it is satisfactory and free from clumps. A thin suspension of an 
agar culture may also be employed , it should be centrifuged or 
be filtered before use. Such suspensions may be preserved with 
formalin (see below, Garrow’s method ”). 

Care should be taken that the hanging-drop preparations are 
quite sealed with the vaseline, so that evaporation is prevented 
The hanging-drops are then examined microscopically, a in. 
objective usually sufficing. In the case of typhoid the following 
phenomena will be observed : The motility of tin*- majority of the 
bacilli is very quickly arrested, and m a few minutes they begin 
to aggregate together into clumps, and by the end of the half- 
hour there will be few isolated bacilli visible. In less marked 
cases the motility of the bacilli does not cease for some mmulos, 
while in the least marked ones the motility of many of the bacilli 
may never be completely arrested, but they are always more or 
less sluggish as compared with the control hanging-drop made 
from the culture, while clumping ought to be quite distinct by the 
end of one hour (with a 1 m 30 to I in 60 dilution). 

The central portions of the drop should be examined, not the 
margins. With blood which has been dried and dissolved, organ- 
isms may become entangled in debris, and must not bo mistaken 
for clumps. 

In all cases two or three different dilutions should be made to 
exclude the possibility of a “ zone of no reaction 51 with some parti- 
cular dilution ( see p. 171). 

(2) Macroscopic or Sedimentation Method. — The serum, having 
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been diluted by means of a p^iette with saline solution, is mixed 
with five to twenty times its volume of culture suspension con- 
taining plenty of micro-organisms m the same manner as described 
m the previous section. The mixture is sucked up into a fine, 
but not capillary, bore tube. This is sealed at the lower end and 
allowed to stand m the upright position for eight to twenty-four 
hours at 20° C., or six hours at 37° C. ; the reaction is often dis- 
tinct within an hour at 37° C. When the reaction is positive the 
organisms become agglutinated and form flocculi, which are easily 
seen with the naked eye or with a hand -lens and stick to the sides 
or sink to the bottom of the tube The dilutions usually employed 
are 1 in 30 to 1 m 200, and two or three different dilutions should 
always he put up. Whole blood is not suitable for the sedimen- 
tation test ; clear serum should always he used. It is well to set 
up at the same time a control tube with saline solution, or, prefer- 
ably, with normal serum. 

For the macroscopic test a thickxsh suspension of an agar cul- 
ture in saline should be used ; it should be centrifuged for a few 
minutes, or be allow’ed to sediment for an hour, before use to 
remove large masses. 

If sufficient serum is available the mixture may he put up m 
little test-tubes, such as the inner tubes of Durham's culture 
tubes (p. 57). 

(3) Dieyei's Method — The Drever ** standard " method is now 
much used for the diagnosis of typhoid and paratyx>hoid levers and 
bacillary dysentery (see “ Typhoid Fever "). 

(4) Gar row's Method * — Tins is an exceedingly handy and rapid 
method tor carrying out agglutination tests m supposed cases of 
typhoid and paratyphoid fevers and bacillary dysentery , it may 
also be employed m other infections and also tor the Tordet- 
Durham reaction for the identification ol organisms. Thick 
emulsions of the required organisms are prejiared by emulsifying 
young agar cultures in salme containing 0-1 per cent, ot fox malm. 
They should contain 10,000,000,000 organisms per cubic centi- 
metre, and thus prepared will keep for some time. 

The patient’s (or other) serum is diluted by the drop method, 
the pipettes of the Dreyer’s outfit serving well for this purpose. 
The dilutions are conveniently made m an artist's porcelain 
palette with sunk holes or cups , three rows, each with seven cups, 
answer best. Into cup No. 1 of a row 4 drop-* of saline are dropped, 
and into each of the other cups 2 drops of salme To cup No. 1, 

1 drop of serum is added and well mixed. Transfer 2 dro|>s from 
the mixture in cup No. 1 to cup No. 2 and well mix. Transfer 

2 drops from cup No. 2 to cup No. 3 and well mix, and so on to 


M.B. 


Journ. Roy. Army Med Corps, May, 1917. 
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cup No. 7. Tliis yields a series of dilutions in cups No. 1 to No. 7 
of 1-5, 1-10, 1-20, 1-40, 1-80, 1-160 and 1-320. The agglutina- 
tion is carried out on a plate of glass and hy means of a mechanical 
mixer. The agglutinometer slide consists of a piece of thick clear 
glass 25 cm. long and 4 cm. broad, with smooth edges. It is 
divided hy double grooves cut crosswise on one surface at regular 
intervals of 1 cm. The grooves are 1 mm. deep by 1 nun. broad 
and 1 mm. apart. They divide the surface of the slide into spaces 
7 mm. broad and 4 cm. long. There are twenty -one test spaces 15 
on the slide. Each set of seven test spaces may conveniently be 
separated from one another by three grooves (see Fig 33, a). 
The mechanical mixer consists of a mechanical contrivance by 
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(a) The Agglutinometer Slide. 



(6) The Mechanical Mi xei. 


Fig. 33 — Garrowts Agglutinometer*. 


means of which the agglutinometer slide is made to revolve on its 
long axis slowly (about ten revolutions per minute) m an atmo- 
sphere saturated with aqueous vapour. The moist chamber is a 
cylinder of celluloid placed horizontally, the upper half being 
jointed to form a lid, the lower half lined with wet -filter paper. 
The revolving movement is obtained by means of a simple clock- 
work attached at one end of the cylinder. The clockwork is self- 
stopping every fifty revolutions — i.e., every five minutes (see 
Fig. 33, b). 

The moist chamber may be dispensed with in a cool room, and in 
the absence of clockwork the rotation may he performed by hand. 

The process is carried out as follows : Using a Donald’s pipette, 
Morse gauge 70 (see p. 40), which is held vertically, begin with 
the highest dilution (1—320) and deposit single drops of the series 
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of dilutions of serum each, at one end of a test space on the agglu- 
tinometer slide. If agglutination is to be done on two or three 
organisms, the drops may be deposited m duplicate or in triplicate 
on the two or three divisions of the agglutinometer slide. Opposite 
each drop of serum dilution a droxr of bacterial emulsion is de- 
posited at the other end of the test space (see Fig. 33 , a). Thus, 
In a typhoid -like infection the patient’s serum would be tested with 
typhoid and paratyphoid a and b emulsions (see Fig. 33 , a, t, a, b). 

The slide so loaded is placed carefully m the moist chamber of 
the mechanical mixer, where it is received and held fast by a clip 
at each end. The clockwork is started by means of the lever, and 
the slide allowed to revolve slowly till the clock stops after com- 
pleting fifty revolutions of the slide. 

When the slide begins to revolve the various drops of diluted 
blood serum run into and mix freely with their corresponding 
equal drops of bacterial emulsion, producing mixtures having 
serum titres 3%, t&tt? 

At each complete revolution of the slide the bulk of these mix- 
tures runs to and fro across the slide. 

When the clockwork stops, the agglutinometer slide is removed 
and examined by the naked eye (aided, if necessary, by a pocket 
lens) in a good light against a black background . Agglutination 
converts the mixtures from homogeneous milky emulsions into a 
condition in which the agglutinated masses of bacilli float about 
like minute white flakes in a clear fluid. In a strongly agglu- 
tinating blood this takes place in the lower dilutions almost 
instantaneously after the agglutinometer slide begins to revolve 
The change is very striking, and can be easily seen with the naked 
eye In the higher dilutions the change may take three or foui 
minutes, and be observable only with the aid of a pocket lens. If 
no change is visible with the pocket lens in the 1 111 10 dilution at 
the end of five minutes’ time limit, no agglutinin of any diagnostic 
significance is present in the blood. 

The agglutinin titre of the serum is the highest dilution in which 
definite flakes of agglutinated bacilli can be seen 101th the aid of a 
- pocket lens. It is essential that the dilution beyond this be abso- 
lutely negative if it be desired to ascertain the hmit of agglutina- 
tion. In this case, should the highest primary dilution of serum 
prepared (1 111 320 ) show agglutination, higher dilutions may be 
prepared and tested. 

(The apparatus may he obtained from the Engineer, London 
Fever Hospital, Liverpool Hoad, Islington, London, 1ST.) 

(5) Bordet- Durham Reaction . — This is carried out by any of the 
foregoing methods in much the same manner as for clinical diag- 
nosis, but an immune serum of high agglutinating value or high 
“titre” (at least 1 : 1,000) is required, and the serum from a 

12 — a 
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patient is not usually suitable. The immune serum may be 
obtained from a horse or other animal immunised with killed 
cultures (and living also if a high litre is required). In the 
laboratory the serum may be prepared by giving a. rabbit three 
to five intravenous injections at intervals of seven days of killed 
culture of a virulent strain of the organism, *>.</., typhoid or cholera. 
The culture is killed by heating to 60° d>5° F for half an hour, and 
the dose is increased from one loop to ten loops of an agar culture. 
Seven days after the last dose the animal is bled from an ear vem, 
and the serum obtained. The agglut.inal.mg limit of the serum 
must be determined, and dilutions towards this limit, used m the 
test, eg., if the limit he 1-1,000, dilutions <>1 1 500 and I 750 

might be employed. Controls should be put up with a known 
culture. Controls should also bo put up with normal serum of 
an animal of the same species as that from which the immune 
serum has been obtained. 

(6) Saturation Test . — Ten loop foils of a young* agar culture of the 
organism to he tested are mixed with 10 c c. of a. f> per eent. dila- 
tion of an active agglutinating seiunn After incubating lor four 
hours, the mixture is centrifuged, the clear superiiata.nl, fluid 
decanted, and the agglutinating power of the decanted liquid is 
then tested 011 the organism with which the serum was prepared. 
If the organism tested is homologous with the organism with 
which the agglutinating serum was prepared, the decanted dual 
will have lost, most, or a considerable proportion, of its agglutinat- 
ing power for the latter. 

The Meiostagmin Reaction. — Ascoli found that if an immune 
serum he mixed with an alcoholic extract of the homologous 
antigen and the mixture incubated at 37° C. for two hours the 
surface tension is reduced , if the serum and antigen extract are 
not homologous the surface tension is unaltered For example, 
111 the case of typhoid the following is the procedure. An alcoholic 
extract of typhoid bacilli is prepared ; this is diluted with saline 
solution to 1-1,000 — 1-1,000,000. The typhoid serum is simi- 
larly diluted, 1-10. To 9 c c. of the diluted serum I e.c. of the 
diluted antigen extract is added. By means of some form of 
viscosimeter or stalagmometer the number of drops yielded by a 
given volume of the mixture is ascertained, immediately after the 
mixture is made, and aftei the mixture has been incubated at 
37° C. for two hours. If the surface tension has been reduced, 
the number of drops counted in the second determination will be 
greater than m the first.* 

Anti-ferments. — It has been stated in the past that injection 
of an enzyme, e.g., rennin, is followed by the development of anti- 


* Ascoli and Izar, Munch, med. Woch , Ivii , 1910, px>- 02, 182, 403. 
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enzyme which inhibits the action of the enzyme with which it 
was produced. Thus if rennin and anti-rennm (the serum of an 
animal injected with rennin) be mixed with milk, no curdling 
takes place. Considerable doubt has, however, been cast of late 
on the production of anti -enzyme. 

Precipitins.* — Kraus was the first to demonstrate the presence 
of specific precipitms in blood by adding typhoid, cholera, and 
plague anti -sera to filtrates of the cultures of the corresponding 
microbes. If to such a filtrate m a test-tube a little of the corre- 
sponding anti -serum be added by running m carefully, so that it 
forms a layer at the bottom, an opalescent ring makes its appear - 
ance at the line of junction of the two fluids. So also if an 
animal be injected with milk, its serum, when added to milk of 
the same kind as that with which it has been injected, causes 
precipitation of the casein. This reaction is specific, and it is 
thus possible to distinguish various milks from one another. 
Similarly, anti-sera which produce precipitates, each with the 
homologous substance, are obtained by the injection of peptone, 
egg-albumen, blood -serum and other proteins. The latter 
reaction has an important medico -legal application, for by means 
of it the blood and flesh of different species of animals can be 
distinguished. Thus the presence of horseflesh m sausages can 
be detected The method employed is to inject a rabbit mtra- 
pentoneally with four to six injections of defibnnated blood or 
of blood-serum (or with a solution of the particular substance* 
e q , horseflesh), commencing with about 5 c c and increasing to 
10 c c at intervals of a few days After treatment the animal is 
bled from an ear vein, and the serum is obtained. This is then 
added to the blood serum, or to a saline solution of the material* 
to be tested. In the case of blood-stams, a solution is made m 
1 6 per cent, sodium chloride solution, and to this specific serum 
is added. Tested in tins way, human blood anti -serum reacts — 
i.e , forms a precipitate— markedly with human blood, less so 
with ape’s blood, not at all with other blood , ox blood anti-serum 
reacts with ox blood, less so with sheep, feebly with horse, hardly 
at all with dog. Mixtures of bloods may also be tested. Pre- 
cipitms are also formed naturally in vivo. Thus the serum of a 
patient the subject of hydatid disease gives a precipitate with 
hydatid fluid, and the reaction may be used diagnostically. 

It will thus be seen that the anti-bodies which result from 
the injection into an animal of different substances are 

* See Nuttall, Journ of Hyg , vol. i , 1901, p. 367 (Bibhog.), also Brit. Med. 
Journ , 1902, vol. i., p. 825 ; Welsh and Chapman, Journ. of Hygiene, vol. x., 
1910, p 177 ; ibid., Australasian Med, Gazette , December 12, 1908 (hydatid 
disease). 
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extremely numerous and have varied properties, their most 
notable characteristics being their extreme specificity and the 
extraordinary delicacy of the interactions produced by them. 
It is important to note that these anti-bodies are produced 
only as the result of inoculation with complex compounds 
allied to the proteins. The tolerance established by the inges- 
tion or inoculation of simpler compounds, such as arsemous 
acid and morphine, is of a different nature, and is not coin- 
cident with the development of anti-bodies. According to 
Ehrlich, the latter kind of tolerance may be due to the ex- 
haustion or using up of certain receptors chemo-receptors ”) 
of the protoplasm (see p. 192). 

Immunity * 

Differences in susceptibility to infection are well known 
among different races and animals. For example, the natives 
in many parts of the world are comparatively insusceptible to 
yellow and typhoid fevers and malaria, the. dog and goat arc 
rarely affected with tuberculosis, animals do not sufler from 
typhoid fever or cholera, and tetanus is never met with m the 
fowl , and among individuals, while some air lucky enough 
to escape most of the commoner infectious fevers, others seem 
to contract them on every possible occasion These instances 
show that there is often a natural insusceptibility to infective 
disease, or a natural immunity, as it is termed. This may be 
complete or partial, and it may appertain only to a. particular 
race — racial immunity ” , thus white rats are comparatively 
insusceptible to anthrax. The individual also may vary in 
susceptibility at different ages, thus diphtheria and scarlat ina 
become more and more rare as age advances. 

Still more remarkable, perhaps, is the fact that an insus- 
ceptibility may be acquired after an attack of infective 
disease or be conferred in certain instances by inoculation. 
Thus second attacks of smallpox and scarlatina are rare, 
inoculated smallpox and vaccinia protect against variola, and 
bacterial vaccines confer considerable protection. 

With regard to the immunity of native, races to certain 
diseases, this is partly due to natural selection and heredity ; 
during long periods of time, the individuals being all exposed 
to the same risks, the susceptible ones are- weeded out, while 

* See Metchnikoff, Immunity in Infective. I) Metises* 1005; Mmory, Im- 
munity and Specific Therapy , 1909 ; Bordet, IT Immunity dans ten Maladies 
I nfectieuses, 1920 (Masson & Cie.). 
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tlie survivors transmit their insusceptibility to their descen- 
dants ; but this, of course, does not explain the reason for the 
relatively greater immunity of the insusceptible individuals. 
In some instances immunity of the adult is due to recovery 
from an infection m childhood ; this is frequently the case 
with malaria among native races. Immunity is generally not 
absolute either to infection or to intoxication , that is, sus- 
ceptibility may be present under particular conditions. Thus 
fowls, which are highly refractory to tetanus and tolerate 
considerable doses of tetanus toxin with impunity, can be 
tetamsed with large doses of an active toxin ; white rats, 
which are insusceptible to anthrax, become susceptible after 
fatigue, or when fed on an exclusively vegetable diet. Im- 
munity is therefore either (1) natural, or (2) acquired, and it 
is evinced against either (a) toxins, or ( b ) micro-organisms, and 
these different classes must be considered 

(1 , a) Natural Immunity against Toxins . — Toxins cannot 
enter the body through the intact skin, and frequently not 
through intact mucous membranes ; hence many toxins may be 
swallowed with impunity. If the toxin does get into the blood 
or tissues, there are various non-specific reactions in the body 
by which it may be eliminated or destroyed. Thus the dila- 
tation of the vessels and the acceleration of the blood-stream 
which take place m an inflamed area dilute and eliminate the 
toxin, and the proteolytic enzymes produced by the organisms 
and as a result of tissue disintegration may have a destructive 
action on the toxins. Oxidation, hydration, and dehydration, 
and various analytic and synthetic processes which go on in 
the body, and particularly in the liver, are other agencies 
whereby toxins may be destroyed. These non-specific pro- 
cesses by which toxin is destroyed or eliminated, though of 
the greatest importance, can probably deal with only small 
amounts of toxin ; if large amounts are present, specific 
reactions have to be evoked 

Another cause of natural immunity to toxins may be the 
absence of suitable receptors for the toxin. As already stated 
(p. 138), in order that a bacterial toxin or endotoxin may 
produce intoxication, it must become anchored to the cells by 
its haptophore group, and that this may occur the cell mole- 
cules must possess receptor groups which have a special 
affinity for the haptophore groups of the toxin. Should these 
be wanting the toxin cannot become anchored to the cells, its 
toxophore groups cannot exert their influence, and natural 
immunity is the result. 
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This has been proved to be the case in several instances. 
Thus in the lizard and turtle, if tetanus toxin be injected no 
effect, is produced, but the toxin is not eliminated and remains 
in the body for months, as may be proved by withdrawing a 
little of the blood and injecting it, into a mouse ; the animal 
dies of tetanus. 

In other instances, for some reason or other, the cells of the 
animal are insusceptible to the toxophore group of the toxin. 
Thus, if an alligator be injected with tetanus toxin, no effect 
is produced, but the toxin rapidly disappears from the. blood. 
If the animal be kept at ordinary temperature (20" (5), 
although the toxin disappears, antitoxin is not formed, but if 
it is kept at 30°— 37° C. antitoxin is rapidly produced. The 
two experiments together suggest that the toxin is fixed by 
the cells, but has no effect upon them ; if the to\m were not 
fixed, it would be possible to detect it, and presumable it 
would not produce antitoxin 

(1, b) Natural Imni'Mit // again#/ MttM % o-or<fa)ua»t^ A num- 
ber of factors are doubtless concerned m preserving the laxly 
from invasion by micro-organisms, and while non-specific, reac- 
tions may suffice when the number of organisms is small, specific, 
reactions have to be evoked if the number of organisms be 
large. The unbroken surfaces of the body have a considerable 
protective action in preventing the. entrance of miero-orga msins. 
Infection is an active process quite different from the mere 
presence upon the skin or a mucous membrane of the parasite 
capable of causing disease A whole host of potentially infec- 
tive bacteria are constantly present, upon the skin and mucous 
membranes which for the most part do no harm whatever, mu l 
possibly by preoccupation of the soil tend ho ward off other 
more definitely injurious organisms. The surfaces of the body 
indeed seem to possess a high degree*, of insusceptibility to 
ordinary infections ; they have a local immunity. Thus 
wounds of the mouth and rectum generally head weil in spite 
of their septic condition In some cases this local immunity 
depends upon factors which operate only so long as they are. 
intact. In the young the mucous membrane, of the digestive 
tract is easily affected so as to become the seat of slight 
pathological conditions that depress its protective power, and 
hence the prevalence of tuberculous cervical and mesenteric 
glands and of microbic infections of the stomach and intestine 
in the young. Resistance to typhoid and paratyphoid infec- 
tions resides essentially in the mucous membrane, of the 
intestine (Besredka), and typhoid fever ceases with the amito- 
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mical changes, coming on in the fourth decade of life, that 
reduce the absorbing power of the intestine. 

The mere presence of infective and invasive bacteria upon 
a mucous surface is, again, not tantamount to infection. In 
every epidemic disease, we know or have reason fox believing 
that many more persons carry the germ of the disease than 
actually contract it. Thus diphtheria bacilli and meningo- 
cocci are found during an epidemic m the throat and naso- 
pharynx of many well persons who never develop the disease, 
and similarly during prevalence of cholera, dysentery, and 
enteric fevers, the bacilli causing them are present in the 
intestinal tract of persons in health. And these healthy 
“ carriers, 55 while they themselves may escape infection, are 
frequently the means of infecting others. The reason for the 
phenomenon is to be sought in an adequate defensive mecha- 
nism m the one group who escape infection, and in a defective 
mechanism in the other acquiring it. That this is the explana- 
tion is suggested by the fact that in the case of a cholera carrier 
the ingestion of irritating substances may transform the well 
carrier into a case of cholera. 

Infants frequently exhibit a more marked resistance to 
some of the diseases of childhood, e g , measles, than do older 
children This may be, and probably is, due to the transference 
of protective substances from the mother to the child first 
by the placental circulation and later by the milk. The 
immunity, being passive (p. 191), tends to disappear, so that 
the child of a few years becomes susceptible. 

Not all individual parasites of the same species, whether 
bacterial, protozoal or ultramicroscopie, are potentially equal 
as agents of infection. The quality of virulence, so called, is 
of high importance. Not a few of the common parasites varv 
greatly m virulence, n,m capacity for infecting, from degrees 
that make them almost harmless to degrees that make them 
inconceivably potent. This state of virulence m some instances 
is determined by races of the parasite of particular quality, so 
that what is virulent for one species is not necessarily virulent 
for another. Thus strains of pneumococci are known of which 
a single organism will set up a fatal septicaemia m the rabbit, 
but many millions of which may not infect the guinea-pig. 
By successive transfers through a susceptible animal a slightly 
virulent strain may be rendered incredibly virulent. The 
changes take place sometimes slowly and sometimes quickly ; 
in the latter instance, they correspond to or suggest the appear- 
ance of cc sports 55 or “ mutants/ 5 such as occur among the 
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higher plants or animals. It may well he that epidemic pre- 
valence of a disease is related to some such acquisition by the 
germ of heightened virulence or capacity for infecting. 

On the other hand, certain parasites under particular con- 
ditions acquire the power of resistance to factors inimical to 
their existence. Under the influence of specific germicidal 
serums and drugs, they undergo a subtle change through which 
they acquire a capacity of effective resistance to the germi- 
cidal agent. This state is known as “ fastness ” and seems to 
be equivalent to the development of sports or mutants among 
higher forms. Our knowledge of this condition has been chiefly 
derived from a study of trypanosomes and spirochaetes, but 
it also occurs among the bacteria. Among the trypanosomes 
it persists only so long as they continue to multiply asexually 
in the blood of the host and disappears when the organisms 
multiply sexually in the intermediate host. Bacterial fastness 
tends to disappear when the organisms are cultivated outside 
the body. This acquirement of a resistant state by the para- 
site may be accountable in some instances for the relapses 
which occur in the course of some infective diseases, e.g., 
typhoid fever. 

The flushing-out action of accelerated circulation will exert 
some action m eliminating organisms from a localised focus of 
infection just as it does with toxins. The body temperature 
may be of some importance, and the febrile condition so 
generally induced by infection is probably to some extent 
protective and curative. Thus frogs, fish, and chickens are 
naturally immune to anthrax. In the one case the body 
temperature is low, 18° C. or thereabouts ; in the other it is 
high, 40° to 41° C., and this may influence the growth of the 
anthrax bacillus, preventing the full and rapid development 
which may be necessary for the production of the disease. 
That such is the case would seem to be shown by experiments 
in which when the temperature of the medium is raised or 
lowered infection takes place ; frogs and fish kept m water 
raised to a temperature of 35° C , and chickens refrigerated 
so as to reduce their temperature, all perish from anthrax after 
inoculation. It is clear, however, that this is not necessarily 
the only factor, for sparrows, which have a temperature as 
high as that of the chicken, can be infected with anthrax 
without refrigerating. Behring would ascribe the immunity 
of white rats to anthrax to the high alkalinity of their blood, 
and claims to have shown experimentally that a vegetable diet 
reduces this, and fatigue is said to act similarly. 
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In some cases the animal, after invasion by the organism, 
becomes gradually tolerant of its presence ( immunitas non 
sterilisans). This is particularly the case in protozoan infec- 
tions, e.g ., piroplasmosis. The animal, after a period of ill- 
health, gradually recovers, though the organisms may still be 
present, as can be demonstrated by injecting some of its blood 
into a susceptible animal. Conceivably the receptors necessary 
for the intoxication become gradually used up, and when this 
state is attained the animal becomes insusceptible. 

The blood, lymph, and other fluids and tissue juices some- 
times exert a more or less germicidal action on bacteria experi- 
mentally %n vitro , and to some extent probably also in the body. 
But in this respect there is often a marked difference between 
the circulating blood and the blood in vitro . To the germicidal 
constituents of the cells and body fluids Buchner gave the 
name “ alexins.” 

Nuttall, in 1888, found that the defibrinated blood of several 
animals destroyed the B. anthracis, B. subtihs , B megaterium , 
and M . 'pyogenes var. aureus . After a while the blood loses its 
germicidal properties and becomes a suitable culture medium 
The blood or serum similarly loses its bactericidal properties 
on heating, and serum that has once been used loses its 
bactericidal properties. 

Behring and Nissen, however, found that while the serum 
of the white rat, dog and rabbit destroys the Bacillus antlwacis, 
serum from the mouse, sheep, gumea-pig, chicken, pigeon, and 
frog has no action. Thus, while the rabbit is highly susceptible 
to anthrax, its serum is germicidal ; the chicken, on the other 
hand, is immune to anthrax, but its serum is inactive. Hence 
there is no necessary correspondence between the action of 
circulating blood and that of extra- vascular blood. 

Gengou also found that the plasma collected in vaselmed 
tubes is often almost devoid of bactericidal power, whilst the 
corresponding serum may be capable of destroying large 
numbers of micro-organisms 

Yaughan, Novy, and McClintock ascribed powerful bacteri- 
cidal properties to the nucleins, and surmised that in serum the 
nucleins set free by the disintegration of leucocytes and other 
cells are the germicidal agents Forrest and the author * 
found, however, that all the germicidal properties ascribed by 
Yaughan to the nucleins were probably due to the weak alkali 
used. 

We therefore see that while blood, lymph, and tissue juices 
* Journ. Roy. Army Med Corps , 1904 . 
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frequently exert more or less germicidal action on bacteria 
experimentally m vitro , the intact and circulating blood may 
be quite devoid of this action, and it may be doubted, there- 
fore, if this factor of germicidal power is of much importance 
in the production of natural immunity. At the same time, it 
is to be noted that directly infection has started more or less 
cellular disintegration and serous exudation occur, and thus 
the germicidal action of the body fluids and tissues might be 
exerted in t u'o. On the other hand, the action may be one of 
stimulating the leucocytes or rendering the bacteria more 
phagocytosable (as will be referred to later, p 195) rather than 
a direct germicidal one. 

For some micro-organisms a bacteriolytic mechanism exists, 
the amboceptor-complement complex, whereby they may he 
digested and eliminated Thus normal serum has a, marked 
bacteriolytic action on B typhosus and B coh . In many cases, 
however, e g , for staphylococci, such a bacteriolytic mechanism 
does not naturally exist, but may be evoked as a result of 
infection 

The hypothesis which ascribes immunity to the germicidal 
and bacteriolytic action of substances m the fluids of the body 
has been termed the humoral theory.” 

Metchmkoff introduced the phagocytic or cellular hypo- 
thesis It has as its basis the following fundamental facts 
Firstly, the leucocytes m the circulating blood ingest and 
destroy any foreign particles present therein , secondly, an 
injury to the tissues is immediately followed by an inflam- 
matory reaction, m which the leucocytes emigrate from the 
vessels and assemble at the injured spot. Similarly, m many 
instances the leucocytes rapidly congregate at the site of a 
bacterial infection, and ingest and destroy the bacteria m the 
same manner as they do other foreign particles. (Plate II , 
a and b .) 

The migration of the leucocytes into the area of infection 
was explained by Metchmkoff on the hypothesis that they are 
attracted by the chemical substances elaborated by the 
bacteria, an action which he termed “ positive chemotaxis.” 
In this event the bacteria are removed by the leucocytes, and 
a cure 55 tends to occur. In other cases, unfortunately, the 
bacterial chemical products repel, or perhaps it is more correct 
to say do not attract, the leucocytes, and “ negative chemo- 
taxis ” occurs, so that the bacteria are free to grow and 
multiply, and general infection ensues. All living cells are 
influenced by positive and negative chemotaxis. If a fine 
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capillary tube containing peptone solution be introduced into 
a suspension of bacilli, e g ., B. fluorescent hquefaciens, under a 
cover-glass, and watched microscopically, tbe bacilli will be 
attracted to tbe tube and soon invade its lumen. If, however, 
a weak acid be substituted for the peptone water, tbe bacilli 
will be repelled. Capillary tubes filled with tbe same solutions 
and sunk m tbe tissues will exert a similar action upon leuco- 
cytes ; the peptone tube will be invaded by leucocytes, tbe 
acid one will contain none. Tbe process by which tbe bacteria 
are ingested by tbe leucocytes can be similarly watched Tbe 
leucocytes which act in this manner are termed phagocytes, 
and they are of two classes — the macrophages, the large 
mononuclear leucocytes, and the microphages, the polymorpho- 
nuclear leucocytes Certain of the tissue cells and endothelial 
cells also possess phagocytic properties. The importance of 
phagocytosis is also shown by the fact that, while m ordinary 
susceptible rabbits infection with anthrax is followed by a 
feeble phagocytosis and the animals succumb, in rabbits vac- 
cinated against anthrax phagocytosis is very active. Moreover, 
in an animal refractory to anthrax, such as the frog, anthrax 
bacilli grow and multipty if they be enclosed m paper or 
collodion sacs, so as to prevent the access of the phagocytes. 

Phagocytosis in vitro , and probably also m the normal body, 
is extraordinarily active, so that it might be expected always 
to be sufficient to deal with any number of bacteria that might 
be introduced It, however, the bacteria be virulent, negative 
chemotaxis will occur Moreover, the presence of substances 
which render the bacteria phagoeytosable, " opsonins,’’ may 
be necessary, and it seems likely that the amount of opsonin 
becomes diminished m infection (see p 196). 

Metchmkoff admitted that the destruction of bacteria in 
phagocytosis is brought about by chemical bacteriolytic sub- 
stances, which he termed eytases,” and which he regarded 
as being derived from the leucocytes, and as identical with the 
alexins He believed that there are two kinds of cytases, one 
e< macrocytase,” obtainable from tissues, such as the spleen 
and lymph-glands, rich m macrophages, which acts specially 
on elements of animal origin, the other 4 * microcytase,' 3 
derived from the microphages, and which acts principally on 
micro-organisms. He considered the alexic action to be of 
the nature of a digestive process (but this is doubtful), and as 
regards the complex nature of a cytolytic serum, which con- 
tains amboceptor and complement, believed that the ambo- 
ceptor is formed within the macrophages in intra-cellular 
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digestion, and that a portion of it escapes from them into the 
serum. All the facts point to the leucocytes and leucocytic 
tissues being the great defensive mechanisms against parasitic 
invasion, either by the production of alexins, or of bacterio- 
lysins, or by phagocytosis, or probably by a combination of 
these (the C£ cellulo -humoral ” hypothesis of immunity). It 
is probable that the greater part of phagocytosis takes place 
m the spleen, and dogs deprived of the spleen become sus- 
ceptible to anthrax. This organ acts as a sort of filter, and 
phagocytosis may be active in it when none can be discerned 
m the blood. Phagocytosis is also active in the bone-marrow. 

Small amounts of antitoxin may be met with m the appa- 
rently normal animal ( e.g , diphtheria antitoxin m man , see 
p 258), and may account for some degree of insusceptibility 
towards a few infections. But such traces of antitoxin are 
generally regarded as having been caused by infection, latent 
or otherwise, with the organism, and probably this substance 
plays little or no part as a rule in natural immunity. Thus the 
blood-serum of the fowl, which is highly refractory to tetanus, 
does not exert the slightest antitoxic or neutralising action on 
tetanus toxin. 

(2) Acquired Immunity . — Immunity may be acquired 
naturally : — 

(a) By an attack of disease ending in recovery. Home 
infections induce considerable immunity, others little or none. 

(b) By the natural changes occurring in the organs and 
tissues with advancing age, e.g., the lymphoid tissues of the 
intestine in relation to typhoid fever, and the unknown changes 
resulting m insusceptibility to many of the infections of child- 
hood. 

Immunity may be induced artificially by : — 

(c) Inoculation with the living virulent virus in very small 
amount (e.g., rabies), or by a special route (e.g., smallpox, 
cholera). 

(d) Inoculation with the living virus which has had its 
virulence reduced or attenuated (Pasteur’s method). Vaccina- 
tion with calf lymph against smallpox, Pasteur’s method for 
rabies and anthrax. It has also been attempted in plague and 
typhoid fever. 

(e) Inoculation with the killed and dead vims. Much used 
for the control of the enteric fevers, plague, cholera, catarrhal 
affections, etc. 

(/) Inoculation with an antitoxin or anti-serum prepared 
with the virus. Used for diphtheria and particularly tetanus. 
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(g) Inoculation with the serum of an individual recently 
recovered from the infection. This has been tried for measles, 
scarlatina, and other diseases. 

( h ) Inoculation with toxin or endotoxin. This is used for 
immunisation against diphtheria. 

(i) Inoculation with a non-specific substance. This means 
of protection is exceptional. The best example is B- pyo- 
cyctneus culture, or pyocyanase derived therefrom, which pro- 
tects against anthrax. 

Besredka has developed the conception of local immunity 
in certain infective diseases — that protection is acquired by 
the particular cells or tissues which are specially attacked by 
the micro-organism. Thus, anthrax is essentially a dermal 
infection (see p. 237), and Besredka found that inoculation of 
killed anthrax culture into the peritoneal cavity or tissues 
other than the skin is not followed by the development of 
antibodies in the blood and does not protect against sub- 
sequent inoculation of the skin with living anthrax. If, how- 
ever, the killed culture is inoculated into the skin, a definite 
immunity is acquired, so that an animal then becomes resistant 
to the living organism inoculated on the skin. Besredka 
likewise suggests that m cholera, typhoid fever and dysentery, 
in which the living cells of the intestine are specially attacked 
by the respective specific organisms, it is to the acquirement 
of resistance by those cells that we should look for protection 
against these diseases. He therefore advocates the adminis- 
tration of vaccines by the mouth so that the intestinal wall 
may be rendered resistant. 

The immunity acquired by methods (a), (c), ( d ) and ( e ) is 
known as ie active immunity,” because the animal’ s cells and 
tissues are altered by the process, so that they are no longer sus- 
ceptible to the microbe or its toxin The immunity conveyed 
by methods (f) and (g ) — the injection of an immune serum — is 
known as tf 4 passive immunity,” because the immunity lasts only 
so long as the anti-bodies remain; there is no active participation 
of the animal’s cells and tissues m the process. Method ( h , ) is 
probably of the same nature, antitoxin being formed as a result 
of the toxin injection. Active immunity is generally of long 
duration — some months at least — and is not transmissible to 
the fetus ; but passive immunity with a foreigyi serum is of 
short duration — two to four weeks — and is transmissible to 
the fetus and nursling. If, however, the antitoxin is produced 
in the body, e.g ., by injection of toxin, the duration of im- 
munity is much longer. Acquired immunity to toxins may in 
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some cases be clue to the elimination of the receptors con- 
cerned in the fixation of the toxin by the cells. The leucocytes 
are probably the active agents in destroying and eliminating 
toxin, whether neutralised by antitoxin or not. 

Various explanations have been given of the production of 
acquired immunity against micro-organisms. Pasteur sug- 
gested that the organism, by its growth in the body, exhausts 
some specific pabulum necessary for its development, so that 
it cannot again grow m the animal which has been attacked. 
This hypothesis postulates the existence of some nutrient 
material necessary for the growth of each species, which is 
difficult to believe , moreover, an organism will grow m the 
blood and tissues removed from an animal vaccinated against, 
and insusceptible to, the disease produced by itself, just as 
well as in the susceptible animal. 

Pasteur’s exhaustion ” theory was revived by Ehrlich m a 
modified form, under the name of atrepsy,” to explain certain 
cases of immunity. Thus, for a chemical poison to act, Khrlioh 
assumed that particular receptors m the protoplasm for binding 
the poison are necessary ; these he termed chemo -receptors ” 
Bird -pox, virulent for both fowl and pigeon, if passed through the 
pigeon becomes completely avirulent for the fowl. To explain 
ibis Eliilieli suggested that the parasite m passing through the 
pigeon has to assimilate substances different from those assimi- 
lated during its passage through the fowl ; therefore that part of 
the receptors which deals with the nutritive substances oi the 
fowl’s organism is not in use during the passage, through the 
pigeon, and may become atrophied, so that on the paiasite being 
transferred back to the fowl it will not be able to thrive owing to 
the loss of the receptors necessary to assimilate the fowl’s nutri- 
tive substances. Ehrlich suggested that the majority of non -patho- 
genic micro-organisms, if introduced into the animal body, perish 
by this mechanism. In the ease of mouse carcinoma* inoculated 
into rats, the tumour-cells proliferate for a few days, then atrophy 
and disappear. Ehrlich suggested that some sped lie substance 
is necessary for the proliferation of mouse carcinoma -cells which 
is not present m the rat, and as soon as the traces of this specific 
substance earned over by the inoculation are used up, the cancer- 
cells cease to proliferate and finally atrophy and disappear. 
These are examples of Ehrlich’s “ atrepsy ” and ^ atreptic 
immunity.” 

Ohauveau, in his retention theory, suggested that the 
bacteria during their growth in the tissues form, substances 
which ultimately inhibit their growth, just as in cultures, and, 
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if the animal recovers, prevent a subsequent development of 
the organism. The same objections may be urged against this 
hypothesis as against Pasteur’s exhaustion hypothesis. 

Bacteriolysis and phagocytosis are probably the two 
principal factors which bring about the refractory condition 
in acquired immunity against bacteria, as well as recovery 
from an infection. After immunisation it may be shown that 
phagocytosis is increased, and that the leucocytes are attracted 
to the site of infection by positive chemotaxis, whereas 
previously negative chemotaxis existed ; the leucocytes have 
been i£ educated / 5 as it were, to be attracted, instead of 
repelled, by the bacterial invasion. According to Andrewes,* 
the defence against the pyogenic cocci is not only essentially 
phagocytic, and dependent upon the polynuclear leucocytes, 
but is also, in the main, opsonic. In tuberculosis and syphilis 
the polynuclear leucocyte takes little part in bodily defence, 
which is essentially a function of the endothelial and fixed 
tissue-cells. With the colon group of organisms certain 
humoral responses, notably agglutination and bacteriolysis, 
are better marked than with most other bacteria, and poly- 
nuclear phagocytosis seems subsidiary. 

Antitoxin formation, as a rule, probably plays little or no 
part in acquired immunity, or even m recovery from infection. 
In diphtheria, for instance, antitoxin is not found until the 
disease has subsided Possibly, in chronic infections, antitoxin 
formation does play a subsidiary rdle in recovery, and traces 
of antitoxin or other antibody may account for the relative 
insusceptibility of the adult to diphtheria and scarlatina. 

To sum up, natural immunity is probably due to a number 
of factors, some or all of which may be operative in particular 
instances, and it is impossible to state with certainty any 
general law. In most cases phagocytosis is the principal means 
of defence, the germicidal, inhibitory, or bacteriolytic actions 
of the body-fluids aiding, though of subsidiary importance ; 
in others, the cells and tissues are unaffected by the bacterial 
toxins, sometimes because the cells are lacking in the particular 
side-chains or receptors which fix the toxin, sometimes because 
the cells are unaffected by the toxophore groups of the toxin, 
either because they lack the corresponding toxophile groups, 
or for some unknown reason. 

As regards the immunity acquired after an attack of disease, 
this may be due to the “ education 55 of the leucocytes, which 
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are now attracted, instead of repelled, by the products of 
bacterial development, or to substances which stimulate the 
action of the leucocytes. The germicidal, inhibitory, and 
bacteriolytic actions of the body-fluids may also be enhanced. 
It seems probable also in certain instances that the side-chains 
or receptors having an affinity for the toxin become in some 
way destroyed or used up, so that further fixation of the 
particular toxin cannot take place. 

It is to be noted, as Metchnikoff pointed out, that immunity 
is more readily acquired against micro-organisms than against 
their toxins. Under natural conditions, it is principally against 
micro-organisms that the body requires protection. 

Adaptability seems to be one of the innate properties of 
protoplasm, and immunity is but an instance of adaptability. 
It might be expected, therefore, that immunity towards 
infection will become established, more or less completely, 
when the need for it arises ; and wc find that this is the case, 
however difficult it may be to explain the mechanism by 
which it is attained. 

The Hole op the Serum in Phagocytosis. 

When virulent organisms invade the tissues of an immunised 
animal, the leucocytes migrate to the site of infection and 
ingest and destroy them. This result was at one time ascribed 
by Metchnikoff simply to cc education, 5 ’ %.e., modification, of 
the leucocytes ; but since the serum of the immunised animal 
injected into a non-immunised one causes the leucocytes in the 
latter to behave in the same manner as they do in the im- 
munised animal, the effect must be due to something in the 
plasma or serum, and Metchnikoff ascribed the action to sub- 
stances, cc stimulins,” which heighten the activity of the 
leucocytes. Later work has not confirmed this view, and no 
certain proof of the existence of stimulins is forthcoming, 
although Leishman attributed a stimulin action to thermo- 
stable substances in the serum in typhoid and undid ant fevers. 
Metchnikoff afterwards conceived the serum as acting, not on 
the leucocytes, but on the microbes, causing them to become 
positively chemotactic and no longer to repel, but to attract, 
the phagocytes. Considerable support was given to this view 
by the work of Wright and Douglas, who, by a modification of 
Leishman’s ingenious method for quantitatively estimating 
Xihagocytosis, emphasised the importance of the serum m the 
mechanism of phagocytosis. 
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Neufeld and Bimpau also concluded that substances, 
44 bacteriotropines/ 5 are produced in the course of immunisa- 
tion which promote the phagocytosis of bacteria. 

Leishman’s Method for estimating Phagocytosis.* — A thin 
suspension of some micro-organism, e.g., M. pyogenes, is mixed 
with an equal volume of blood from the finger ; a droplet of this 
mixture is placed on a clean slide, and covered with a cover -glass, 
and the preparation is at once placed in a moist chamber m the 
incubator at 37° C. for half an hour. At the end of this time it is 
taken out, the cover -glass slipped off, and the films on slide and 
cover -glass are dried, fixed, stained, and examined microscopically, 
and the number of microbes ingested by the polymorphonuclear 
leucocytes is counted. 

Wright and Douglas f found that leucocytes washed free 
from serum are not phagocytic, but become so on the addition 
of fresh normal serum. Serum heated to 60° C. is inactivated 
and no longer induces phagocytosis. If bacteria be treated 
with fresh serum at 37° C., and afterwards washed free of 
serum by centrifuging with saline, washed leucocytes now 
ingest them and phagocytosis takes place. That is to say, the 
presence of serum is unnecessary to induce phagocytosis, 
provided the bacteria have previously been acted upon with 
serum ; the serum acts in some way on the bacteria, rendering 
them suitable prey for the phagocytes. This therraolabile 
serum feast-preparer was termed 44 opsonin 55 by Wright and 
Douglas (from a Greek word meaning to cater for ”). 

They have also shown that during the process of active 
immunisation the opsonic value of the serum is increased, and 
they demonstrated this opsonic immunity for a number of 
infections, such as the staphylococcic, undulant fever, pneumo- 
eoccic, tuberculous, etc. By comparing the amount of phago- 
cytosis ( i.e the average number of bacteria ingested per 
leucocyte) induced by the patient’s serum towards the organism 
of the infection with that similarly induced by normal serum, 
a figure is arrived at which is known as the 44 opsonic index. 55 
This is obtained by finding the ratio of the numbers of bacteria 
ingested, by, say, one hundred leucocytes with the two sera 
and taking the figure for the normal serum as 1. In an acute 
infection, the corresponding figure for the patient’s serum will 

* Brit . Med. Journ , 1902, vol. i , p. 73. 

t Proc . Roy. Soc. Loud , B. lxxii., 1903, p. 357 ; B. lxxiii., 1904, p 128 ; 
B. Ixxiv., 1905, pp. 147, 159 ; B. lxxvn., 1907, p. 211. Also various papers 
in Lancet and Brit. Med Journ. ; Wright, Studies in Immunity , 1909. 
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probably be 04-0-6, which would be the opsonic index in this 
instance (for details of the method, see p. 197). 

In subacute and chronic localised infections the opsonic 
value of the serum is usually diminished, occasionally increased. 
In acute infections the index will, as a rule, be low ; in chronic 
infections which are not strictly localised, e.g tuberculosis, the 
index will sometimes be low, sometimes high. A low index 
generally indicates an infection, or a low power of resistance to 
the particular organism, or that a chronic but quiescent 
infection exists ; a high index may indicate that the person 
has had an infection but has overcome it, or has a quiescent 
infection The normal index for healthy persons varies only 
within narrow limits, from about 0-8 to 1-2 as extremes ; an 
index above or below these values is therefore probably patho- 
logical. 

By injecting small quantities of a vaccine consisting of a 
killed culture, tuberculin, etc , the opsonic index can usually 
be raised, and coincidently the infection tends to be cured 
The first effect of the injection is to cause a fall in the opsonic 
index, the “ negative phase ” of Wright, which is usually after- 
wards followed by a rise, and by properly spacing the injections 
a considerable rise in the opsonic value may ultimately result. 
If doses be given too close together, successive negative phases 
may be superimposed, and the index becomes unduly depressed, 
it may be for a long period. Similarly, if too large a single dose 
of vaccine be given the effect may be to depress the index for 
a long period and cause harm instead of good. It is better, 
therefore, to commence treatment with a small dose, to allow 
an interval of about a week between the doses, and to increase 
the doses gradually (for dosage, etc., see p. 201). By move- 
ment, massage, etc., applied at or about the seat of a local 
infection, bacterial products are disseminated and may alter 
the index ; a process of auto -inoculation may thus result. 

The opsonic index may be used for diagnostic purposes ; a 
low or high opsonic value towards a particular organism 
suggests that an infection by this organism exists or has 
recently existed. 

The nature of opsonin has given rise to much discussion. 
As we have seen, opsonin is present in normal serum and is 
thexmolabile, being destroyed at 60° C. The normal opsonin 
seems to be partly tfC common ” and partly specific. The 
immune opsonin, on the other hand, is thermostable and is 
strictly specific. On these and other grounds it is considered 
by many that opsonins are not separate and distinct anti- 
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bodies, but that normal opsonin is a complement and immune 
opsonin is an amboceptor. 

It is doubtful if opsonms are present in more than traces in 
the unaltered blood plasma : like alexins, they seem to develop 
as a result of coagulation. The rdle of opsonins in immunity 
and in recovery from infection is therefore a complex problem. 

Determination oe tiie Opsonic Index. 

Determinations of the opsonic index are now not often made. 
The technique is laborious and requires much practice to obtain 
results of any value. 

The patient’s blood may be collected from a prick of the ear or 
finger in a Wright’s capsule by the bent end (Fig. 34, d). A similar 
specimen of blood from a normal person should be collected at the 



Fig. 34 — a Glatss pipette, with mdia-iubber teat for opsonic deter- 
minations, etc ; 6 shows (enlarged) the contracted extremity of the 
pipette , c show s the stem of the pipette, containing the equal \ olum.es 
of serum, leucocytic suspension, and bacterial suspension, before 
mixing ; d is the Wright’s capsule for collecting blood. (§ full size ) 

same time. The capsules are sealed in the flame, the blood is 
allowed to coagulate and is then centrifuged to obtain clear serum 
by hanging the capsule by the bent end m the centrifuge. The 
further procedure should be carried out as soon as possible 

Living leucocytes free from serum are required. These may be 
obtained by letting blood drip from a prick into saline containing 
-J- per cent, citrate of soda. Burroughs and Wellcome soloids may 
be used to prepare this solution. One soloid is dissolved m 9 c.c. 
of distilled water in a 10 c.c. centrifuge tube, and about 1 c.c. ox 
blood is allowed to drip m. The tube is centrifuged until all the 
corpuscles are well deposited. The fluid is pipetted off from the 
corpuscular layer as completely as possible without disturbing the 
latter. The tube is filled up with saline and the corpuscles well 
mixed with it, and again centrifuged, etc., and this process of 
washing with saline is repeated once more. The fluid is finally 
pipetted off from the corpuscles, which will be seen to be covered 
with a thin grey veil which contains the bulk of the leucocytes. 
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Tins leucocytic layer is then carefully pipetted off the top of the 
deposited corpuscles and introduced into a small tube which may 
be placed in the warm incubator for twenty minutes to allow the 
leucocytes to separate. 

While this is going on the microbial suspension may be pre- 
pared. In the ease of tubercle, suitable dead culture can be 
purchased. To prepare the suspension from this, a small portion 
of the growth (about as big as a grain of rice) is ground up in. a 
small agate mortar, 1*5 per cent, salt solution being added drop 
by drop up to 2 o.c. This suspension will still contain clumps* 
which must be got rid of by centrifuging for three or four minutes. 
With the tubercle bacillus and gonococcus spontaneous phago- 
cytosis is apt to occur if ordinary (0*8 x>er cent.) salt solution is 
used. 

A suspension of staphylococcus, streptococcus, />\ coh , or 
other organisms, is prepared by taking one or more loopfuls of 
growth from the surface of a young agar cult ure and emulsifying 
thoroughly m saline. This suspension may then be centrifuged 
for five minutes to remove masses. The suspension is next 
pipetted off from the sediment and diluted to tlio appropriate 
extent with saline. The suspension must not he too thick, other- 
wise the leucocytes will take up an uncountable number of 
organisms ; the proper density can be judged by experience alone, 
hut the suspension m an ordinary test-tube should he only faintly 
opalescent. 

Everything being ready and to hand, a glass pipette with con- 
tracted point (Eig 34, a ; a throttled pipette may be used) is taken, 
and a grease pencil mark is made about in. from the point ; this 
forms the unit volume. Attaching a rubber teat, a unit volume of 
bacterial suspension is sucked up, a small bubble of air is admitted, 
a unit volume of leucocytic suspension is then sucked up, another 
bubble of air is admitted, and finally a unit volume of patient's 
serum is sucked up (Eig. 34, c). The contents of the pipette are 
then expelled into a small watch-glass or porcelain sunk palette 
and well mixed by aspirating into, and expelling from, the pipette. 
The mixture is then aspirated into the pipette with a unit volume 
or so of air at the bottom, the tip of the pipette is sealed in the 
flame, and the pipette is placed m a water -bath, or special incu- 
bator, at 37° C. Next, another pipette is prepared in precisely 
the same way, but using normal serum m place of the patient’s, 
and incubated. When a pipette has been incubated for a quarter 
of an hour it is removed from the incubator or water -bath, the 
end broken off and the teat fitted to the thick end ; then the 
contents are expelled into a watch-glass or porcelain palette and 
mixed thoroughly together. Films are then prepared on slides, 
for which Wright recommends roughing the slides with finest 
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emery paper and spreading the film with the sharp edge of a 
broken slide (see below). The films are then stained. For staphy- 
lococci, streptococci, pneumococci, B. coli , etc., the films may be 
fixed with alcohol and ether and stained with carbol-methylene or 
thionine blue. For tubercle, the films may be fixed in a saturated 
solution of mercuric chloride (one or two minutes), stained in 
warm carbol fuchsin, decolorised with 2 b per cent, sulphuric acid 
in methylated spirit, and counterstained with methylene blue 
(Plate II., a and b). 

Wright also used the whole blood instead of the leucocyte layer 
only. After the blood has been drawn into the citrated salt 
solution, centrifuged, and washed with salt solution, the fluid is 
pipetted off, and finally the corpuscles are well mixed The 
various mixtures — washed corpuscles, bacterial suspension, and 
serum — are made and incubated as previously described. In 
order to make the film for staining and counting, the contents of 
the pipette are discharged on to one end of a slide roughed with 
finest emery paper, and the mixture is spread by means of a slide 
which has been broken across after notching with a file or glass 
cutter. The object is to obtain a broken edge having a very 
slight concavity, and many slides may have to be sacrificed to 
attain this. The film is spread by drawing (not pushing) along ; 
the leucocytes adhere to the edge of the spreader, and finally are 
deposited mostly at the end of the preparation, the red corpuscles 
being left behind 

Lastly, the films aftei stammg are examined with the oil- 
lmmeision lens, preferably with the aid of a mechanical stage, 
and the number ol organisms contained m not less than fifty 
polymorphonuclear leucocytes is counted. Parts of the film m 
which the cells are bioken down or not well stained, or cells con- 
taining obvious clumps of organisms, should be avoided. The 
ratio between the number m the control and the number m the 
specimen prepared with the patient’s serum gives the opsonic 
index . Thus, if m the control there are 125, while m the patient's 
specimen there are 75, the index would he = 0 6, i.e., not much 
more than half the normal. 


Preparation of Therapeutic Vaccines. 

The vaccine used for treatment is a sterilised, standardised 
suspension of the infecting organism, except m the case of tuber- 
culosis, for which tuberculin (TE or BE) or an analogous pre- 
paration is employed. In certain instances a mixture of organisms 
is used — e.g., M. pyogenes , var. aureus and var. albas , with or 
without the acne bacillus in some cases of acne — and the strain of 
organism isolated from the lesion is generally to he preferred. 
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The vaccine is prepared by growing* the organism under appro- 
priate conditions, tlie staphylococcus on agar, the streptococcus, 
pneumococcus, and gonococcus on blood -agar, etc. The growth 
is then made into a suspension by adding a lew drops of sterile 
salme solution and well rubbing up with a sterile glass or alu- 
minium rod. Two or more tubes are treated m this way ; the 
suspension is poured into a sterile tube ox* small hash of stout 
glass, the culture tubes are rinsed out witli a little more of the 
salt solution, and the washings added to the suspension, two or 
three sterile glass beads are added, and the vessel, sealed or 
corked, is shaken vigorously for half an hour m a shaking machine, 
so as thoroughly to break up the masses of organisms. If a 
shaking machine is not available, the tube may be shaken by 
hand for a few minutes and the suspension centrifuged for live 
minutes to remove masses. The organisms are thou killed by 
placing the vessel m a water-bath at 56"— 65" G. for one or one 
and a half hours, according to the resistance of the organism. 
The suspension is now ready for standardisation. 

Standards aUon may be carried out by ‘Wiight's method. Two 
or three volumes of citrate solution are sucked up into a. pipette 
such as that used for opsonic determinations, the linger is pricked 
and one volume of blood is taken up m the pipette, separated lrom 
the citrate solution by an air -bubble, and finally one volume of the 
bacterial suspension, also separated from the blood by an air- 
bubble, is taken up. The whole contents of the pipette are then 
well mixed by expelling on to a clean slide and sucking up three 
or four times. About one-tliird of tlie mixture is then trans- 
ferred to each of three clean slides, and the drops are spread with 
the edge of a slide so as to obtain thm uniform smears. These are 
allowed to dry, stained with heishman’s slam, and the number of 
red corpuscles and bacteria is counted in a number of micro- 
scopical fields. For tins purpose it is essential to reduce the size 
of the visual field by a diaphragm drojiped into the eye -piece 
after unscrewing its top lens, which is then replaced. The dia- 
phragm should have a square hole about L k m. diameter , if, may 
be purchased to fit the eye-piece or extemporised from a disc of 
cardboard. Assuming that there are 5,000,000 red cells in a 
cubic millimetre of blood, it is easy to calculate ajiproxi mutely 
the number of bacteria contained in the suspension. Suppose 
that 500 red cells have been counted, and with these 1,500 bacteria 
are admixed. Since equal volumes of blood and suspension have 
been taken, one cubic millimetre of bacterial suspension will 

, . 5,000,000 X 1,500 1( . A „ AAAA , . . r> , 

contain — — — — *15,000,000 bacteria. But one cubic 

500 

centimetre contains 1,000 cubic millimetres, therefore the suspen- 
sion contains 15,000,000 x 1,000 = 15,000,000,000 bacteria per 
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cubic centimetre, and by appropriate dilution any bacterial 
content of the suspension may be obtained. Tbus, if 1 , 000 , 000,000 
organisms per cubic centimetre are desired, 1 c.c. of the suspension 
must be diluted with 14 c.c. of carbol-saline. Another method of 
standardisation is by the use of the hsemo cytometer, the organisms 
being directly counted. A third method, now much used, is to 
compare the opacity of the vaccine with that of a series of standard 
opacity tubes (Brown’s *) consisting of different dilutions of a 
suspension of barium sulphate , these may be purchased. 

The dilution of the bacterial suspension is made with carbol- 
saline — sterile saline solution containing 0*5 per cent, of carbolic 
acid. Cultures are made to test the sterility of the emulsion. The 
material may be put up aseptically m ampoules, or, if many doses 
have to be given, in bottles capped with rubber caps, through 
which the needle of the syringe may he passed. 

Treatment should be commenced with small doses, the doses 
repeated every five to seven to ten days, and the dose increased 
by half as much again, provided the reaction has not been too 
severe. The following are the initial doses of some of the com- 
moner organisms : Staphylococcus, 200-250 millions ; strepto- 
coccus and pneumococcus, 10—20 millions , B. eoh and gonococcus, 
5—10 millions 

The author has employed endotoxin solutions as vaccines and 
believes they are very efficient. 

So-called detoxicated vaccines ” are on the market. The 
mode of preparation has not been clearly described. They are 
supposed to give use to little or no reaction. 

Besredka suggested sensitised vaccines,” i e., cultures 
saturated with the homologous immune body derived from an 
immune serum Some sensitised vaccines are now upon the 
market. The sensitised streptococcic vaccine frequently acts 
satisfactorily m septic wounds with a streptococcic infection. 

Wright and Ins co-workers have more recently introduced a 
method of immuno- transfusion for the treatment of septicaemia, 
etc., which is now on trial. It is based upon the principle that if 
an individual is inoculated with a bacterial vaccine, e.g ., a staphylo- 
coccic or anti-typhoid one, the bactericidal power of the blood is 
increased, not only specifically, but also non-specifically. If the 
blood from this inoculated person is then injected into the patient 
it exerts its bactericidal action and tends to cure the infection. 
The non-specific bactericidal substances, unlike the specific ones, 
are rapidly produced after the inoculation, and it is these that 
are relied upon in the method. The procedure is as follows : 
A healthy person is chosen who is to he the donor, and whose 


* Indian Journ. Med. Research , 1919, vol. vii., p. 238. 
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blood lias been tested and is found not to be incompatible with 
that of the patient or recipient. He is inoculated with a, dost 1 , of 
staphylococcic vaccine subcutaneously (1,000 million organisms). 
Pour hours or so later, 500 c.c. of blood are withdrawn, delibn- 
nated, and injected intravenously into the recipient.* 

PUOPIIYLAOTIO Vaooimjos. 

Bacterial vaccines are also used for prevention of certain infective, 
diseases by increasing the resistance of the body towards them. 
They have been clnedy employed for typhoid and paratyphoid 
fevers, cholera and plague, and respiratory catarrhs and bron- 
chitis. Living cultures are occasionally employed, as m the 
original Haff lane cholera vaccine, but usually dead culture forms 
the agent, as in the typhoid, plague and catarrhal vaccines. 
Castellani introduced mixed bacterial vaccines, the T.A B 

vaccine against typhoid and paratyphoid A and B infections, 
containing usually 1,000 million B. typhosus and 750 million each 
of B. paratyphosus A and B per cubic centimetre. A dose 1 - of j c.c 
may be given, followed by 1 c.c. seven to ten days later. Catarrhal 
vaccines may be various mixtures of JO. coryzcv , i>\ hojman/m , B. 
vnflwenzce, Fnedlander’s bacillus, M. eatarrhnUs, staphylococci 
(50 million each) with pneumo coccus and streptococcus (10 million 
each). Further information on preventive vaccination will be 
found at p. 190. 

(For further particulars, see Hewlett’s Serum Therapy , ed. 2, 
J. and A. Churchill.) 


* See Colebrook and Storer, Lancet , 1923, vol li , pp 1341, 1394. 



CHAPTER VI. 


THE PATHOGENIC MICROCOCCI AND STREPTOCOCCI— B. PYO- 
CYANE US — S. YENTRICULI — CERE BR O -SPINAL FEVER AND 
GONORRHOEA. 

Suppuration and Septic Conditions. 

The terms Ctf suppuration 55 and c< septic diseases 75 are 
somewhat indefinite and include such varied conditions as 
abscesses, boils and carbuncles, cellulitis, osteomyelitis, 
erysipelas, infective endocarditis, pyaemia, septicaemia and 
sapraemia, puerperal fever, suppurative wounds and gas 
gangrene. 

Suppuration induced by organisms such as the tubercle 
bacillus, Actinomyces , Entamoeba histolytica, and others, is not 
termed a septic condition , pathologically, it is only an inci- 
dent, as it were, in the course of the infection. 

Septic infections and suppuration are of great practical 
importance, and the progress of surgery during the last 
quarter of the nineteenth century was largely due to a 
knowledge of their aetiology. 

Lister so far back as 1867 had come to the conclusion that 
sepsis and suppuration complicating wounds are due to the 
presence of adventitious micro-organisms, and initiated the 
antiseptic system of treatment m order to prevent their 
entrance and limit their activities when present. 

Ogston in 1881 and Rosenbach in 1884 demonstrated that 
micro-organisms are almost invariably present in the pus of 
acute abscesses, and these observations were confirmed by 
subsequent investigators. The causal relation of the micro- 
organisms to the conditions of suppuration and sepsis was 
established later by numbers of experiments and clmical 
observations which showed that many different species 
may produce these diseases. In the ee cleaner 75 wounds and 
abscesses the chief organisms met with are several species of 
micrococci (commonly known as staphylococci , and the 
infections which they produce as staphylococcic infections ), 
streptococci and, less frequently, the pneumococcus, the colon 
bacillus, the typhoid bacillus and others. In foul and dirty 
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wounds anaerobic bacilli, alone or associated with the fore- 
going, play a prominent rdle. 

The evidence is overwhelming that micro-organisms produce 
suppuration and septic conditions, but aseptic mechanical 
injury alone does not seem to be capable of inducing pus pro- 
duction. Some sterile chemical agents can also induce sup- 
puration under particular conditions. Thus mercury produces 
suppuration in the dog, but not in the rabbit ; silver nitrate 
(5 per cent, solution) has a similar action. Ammonia fails to 
produce pus ; it is either absorbed without damage, or if m 
stronger solution produces necrosis of the tissues. Turpentine 
produces large sterile abscesses in carnivora, and Brieger’s 
cadaverine is likewise stated to set up suppuration. 

Sterilised cultures (above a certain amount) of the Micro- 
coccus ^pyogenes and a crystalline body, phlogosin, obtained by 
Leber from its cultures, produce abscesses on inoculation. 
Buchner was also able, by warming various bacteria with 
0*5 per cent, caustic potash, to obtain a solution containing 
protein which was powerfully pyogenic, and Nannotti found 
that sterilised pus had a similar property. Sterile chemical 
agents are, therefore, able to induce pus production, but it 
must be clearly recognised that suppuration and septic com- 
plications, as they occur naturally, are due to the activity of 
micro-organisms in almost all instances. 

Saprsemia, septicaemia, and pyaemia need defining. By 
cc sapraemia 35 is meant the constitutional condition arising 
from the absorption of the toxic products elaborated by micro- 
organisms, the latter being localised and absent from the 
general circulation. In the acute form it is not a common con- 
dition ; it occurs in the case of large unopened abscesses and 
when fragments of placenta, etc., are retained in the uterus 
after parturition. By opening and draining the abscess or by 
clearing and washing out the uterus the symptoms rapidly 
abate. In septicaemia not only is there usually (though not 
necessarily) a local site of infection, but in addition micro- 
organisms are present in the general circulation. Micrococci 
and streptococci are the commonest forms. Pyaemia is 
characterised by the presence of micro-organisms, most 
frequently streptococci, in the general circulation, together 
with the formation of abscesses in various situations. These 
arise usually from suppurative phlebitis with the formation of 
septic emboli and thrombi. The sequence of events is phlebitis 
in direct connection with the wound, followed by the formation 
of a thrombus impregnated with micro-organisms. This 
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softens and disintegrates, and particles or emboli are carried 
to distant parts and lodge in the capillaries, witb tbe formation 
of infarctions and abscesses. Suppurative pylephlebitis is a 
pyaemia affecting tbe portal system of vessels. As regards tbe 
so-called chronic pyaemia or multiple abscesses, Cbeyne con- 
siders that it differs from true pyaemia in that embolism plays 
no part. Organisms, probably generally of low virulence, gain 
access to tbe blood-stream, infect any locality where tbe 
vitality of tbe tissues is depressed, grow and multiply there 
and produce an abscess. 

Tbe mere presence of micro-organisms does not always 
induce suppuration ; and tbe same organism, for example the 
Streptococcus pyogenes , may produce a localised abscess, or a 
diffuse cellulitis, or a pyaemia ; a number of factors control 
and modify tbe occurrence and tbe particular form of septic 
disease. 

Many micro-organisms when injected into tbe blood-stream 
are rapidly disposed of by various mechanisms ; so when 
moderate quantities of tbe M^crococcus pyogenes are injected 
into tbe circulation of a rabbit, abscesses, as a rule, form 
only in tbe kidney. If, however, tbe organisms be attached 
to gross particles, so that they cannot pass through tbe 
capillaries, embolism occurs and abscesses form about tbe 
embolic foci Tbe virulence of tbe infecting organism varies 
considerably and is another factor of importance. Tbe pre- 
dilection of a particular strain of organism to produce a lesion 
at a particular site has already been referred to (p. 134). Tbe 
effect of inflammation and injury m making a part t£ sus- 
ceptible 55 is also very marked Inject tbe M . pyogeyies into 
animals in which tbe endocardium or a bone has been damaged, 
and in all probability an endocarditis or an osteomyelitis will 
ensue. Damaged tissues, as occur in lacerated and contused 
wounds and in gunshot and shrapnel injuries, are particularly 
vulnerable to infection. Bacterial associations are also 
important. Thus tbe JB. perfringens grows much more pro- 
fusely in tbe presence of micrococci and streptococci. Tbe dose 
and concentration of tbe organisms are other important factors. 
Watson Cbeyne found that 250,000,000 cocci (M. pyogenes) 
injected into the muscles of a rabbit produced a circumscribed 
abscess, but 1,000,000,000 caused a general septicaemia and 
death So, probably, while tbe phagocytes in a healthy wound 
can dispose of a few organisms, if tbe latter are abundant or in 
masses they may gain tbe mastery. 

In this chapter tbe pathogenic micrococci and streptococci 
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and B. pyocyaneus are dealt with. The anaerobic bacilli which 
pla y such a part in dirty wounds and gunshot injuries are 
discussed in Chapter XIII. 

Micrococcus pyogenes, yar. aureus (Staphylococcus 

PYOGENES AUREUS) [STAPHYLOCOCCUS AUREUS]. 

Morphology and Biology. — A coccus measuring about 
0*75 \jl m diameter. It generally occurs in more or less irregular 
groups, but may be met with singly or in pairs (Plate 11., c). 
It is non-motile, does not form spores, and is ( < ram-positive. 
It is aerobic and facultatively anaerobic, will develop m vacuo , 
and grows well and rapidly on all the usual culture media at 
temperatures from 18° to 37° C. On agar-agar and potato it 
forms a thickish, moist, shining growth, cream-coloured at 
first, but after a day or two developing a characteristic orange- 
yellow colour. It grows in the same manner on blood-serum 
without liquefaction of the medium. Uelatm is rapidly 
liquefied, the liquefied gelatin being at first somewhat turbid 
from yellowish masses of organisms , these later on subside 
and form an orange-yellow sediment (Plate II., d) In gelatin 
plates the colonies form at first small whitish, granular points, 
developing in two or three days into circular areas of lique- 
faction with yellowish masses of the organism floating in them. 
Milk is curdled and acid production (lactic and butyric acids) 
can be demonstrated by growing on a neutral litmus glucose- 
agar. In broth a general turbidity is produced, and indole is 
formed in peptone water. 

The rate of liquefaction of gelatin and the pigment pro- 
duction vary ; the colour is sometimes much deeper than at 
others, recently isolated cultures show it better than old ones, 
and the presence of oxygen also seems to be necessary. The 
amount of acid production appears to vary directly with the 
virulence, which is likewise very variable. 

Pathogenicity. — The Micrococcus 'pyogenes , var. aureus, is 
by far the commonest of all organisms met with in suppurative 
processes. It occurs in acute abscesses, boils, carbuncles, and 
acne, in some cases of puerperal fever and infective endo- 
carditis, and is almost invariably found in osteomyelitis, but 
only occasionally in pyaemia. The organism injected under the 
skin of man or animals produces an abscess, and injection into 
the blood-stream under certain conditions is followed by 
infective endocarditis or by pyaemia. Impetigo pustules are 
produced by inunction of culture into the skin. 
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It is present on all parts of tlie skin, and in the mouth, and 
is frequently met with in the air. Recent cultures are killed 
by an exposure to a temperature of 60° to 65° C. for ten 
minutes ; but when dried much higher temperatures, 90° to 
100° C., are required, and in the dried state (on a cover-glass) 
it retains its vitality for more than ten days. According to 
different experimenters, from five to fifteen minutes are 
required to destroy it wdth a 1—1,000 mercuric chloride solu- 
tion, but much depends on the state of aggregation of the 
organisms. 

Toxins. — In a case of infective endocarditis examined by 
Sidney Martin, a large amount of an albumose and of a basic 
body was extracted from the blood and spleen. The albumose 
produced fever and wasting, and retarded blood coagulation. 

Leber extracted a crystalline body, which he termed 
phlogosin, from cultures of the M. pyogenes, var. aureus, and 
Brieger also obtained a crystalline base. 

The decomposition products of the action of the M . pyogeyies , 
var. aureus, on egg-albumen are, according to Emmerling, 
phenol, indole, and skatole, many volatile and non-volatile 
acids, betaine, and trimethylamine. 

Anti- serum. — Attempts have been made to prepare an 
anti-serum by the injection of cultures, but the serum is of no 
practical value. A vaccine prepared by heating a suspension 
of an agar culture to 05° 0 for half an hour and standardising 
has been used with much success m chronic staphylococcic 
infections, such as acne and boils. 

Micbococcus (Staphylococcus) pyogenes, vae. albus, and 

VAE. CITRETJS. MICROCOCCUS EPIDERMIDIS. MlCROCOCCUS 
CEEEUS 

These organisms are of rarer occurrence than the preceding 
one In morphology and cultural characteristics the first two 
agree wfith the Mtcrococous pyogenes , var. aureus, except that 
the albus produces a white, shining, porcelain-like growth, and 
the citreus a lemon-yellow^ growth, on agar. They axe said to 
be less pathogenic than the aureus, and are only occasionally 
found alone, being usually associated with the aureus. Cheyne, 
however, states that in his experience the albus is more virulent 
than the aureus , and mixed infections with the aureus are 
regarded as more severe than infection with the aureus alone. 
The albus is frequent in small facial boils, and in the milder 
forms of acne, and has been found in some cases of pan- 
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ophthalmitis, and is said by Fliigge to be commoner than the 
aureus in the lower animals. 

The Micrococcus neoformans is stated by Dudgeon aiul Dunkley * 
to give the fermentation reactions of M. pyogenes, var albus , 
except acid-formation from mannitol. It was first isolated by 
Doyen from malignant growths, but is certainly not causative of 
malignant disease, as supposed by him. It gives a white 1 growth 
on agar, liquefies gelatin, is non-patliogenic for rats and mice, and 
is not definitely agglutinated by the patient’s serum. 


Chief Types of Human Micro cocci . 
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Andrewes and Gordon '[' regard the aureus, albus , and citreus 
merely as variants of a single species, the M%crococc e us pyogenes . 
They found that every variety of colour, from orange, through 
yellow to white, might be obtained by cultivation. The Micro- 
coccus flares cens , met with by Babes in abscevsses, may probably 
be placed in the same category. On the other h and, the Micro- 
coccus eptdermifas (albus), first described by Welch as occurring 
on the skin,_in stitch abscesses, etc., and feebly pathogenic 
compared with the M. aureus , is stated by these authors to be 
perfectly distinct from the foregoing. Other organisms which 
are occasionally met with in abscesses, the Staphylococcus 
cereus albus and S. cereus flavus of Basset, form shining waxy 
growths on agar, and do not liquefy gelatin, and are probably 
variants of another species, which may he termed the Micro- 
coccus cereus. There may he many other varieties of micro- 

* Journ. of Hyg , vol. vii , 1907, p. 13. 

t Rep. Med. Off . Loc . Gov . Board for 1905-1906, p. 543. 
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cocci not yet properly differentiated.* Well-defined micro- 
cocci occur in the saliva (M . salivarius ), and in the scurf from 
the scalp Andrewes and Gordon give a differential table 
(see p. 208) of some of these micrococci. 

Micnococcus zymogenes. 

Isolated by MacCallum and Hastings "]* from a case of acute 
endocarditis. A minute micrococcus, non-motile, and Gram- 
positive. On surface agar it forms a thin, slightly elevated, 
moist, glistening, greyish- white growth. In gelatin stab- 
cultures the growth is somewhat opaque and granular, with 
slow liquefaction. [Blood-serum is slowly liquefied. On 
potato a thick, moist, dirty-white growth develops, becoming 
dry and brownish after three days. Broth becomes slightly 
cloudy after twenty-four hours 5 growth, but m three to four 
days the organisms settle to the bottom, leaving the medium 
clear. Neither indole nor gas is formed. In neutral litmus 
milk the litmus is decolourised after a few hours, and m twenty- 
four hours the milk is firmly curdled. Somewhat later, lique- 
faction of the curd ensues from above downwards ; at first 
the turbid fluid is reddish in the superficial layer and yellowish 
below ; ultimately the whole curd is transformed into a turbid 
liquid with reddish colour throughout. These changes in milk 
are characteristic of the organism. It is pathogenic to white 
mice, hardly so to guinea-pigs and white rats, and moderately 
so to rabbits , intravenous inoculation into the latter some- 
times sets up an endocarditis. Harris and Longeope i have 
reported five more instances of the occurrence of this organism 
(once from a cesspool, four times as secondary invasions at 
autopsies), and Birge § has isolated a similar but less virulent 
organism from the larynx of crows. Braxton Hicks || has also 
isolated this organism from a case of malignant endocarditis. 

Botetomycosis. 

This condition is met with in the horse in the form of fibroid 
granulomata in the organs and in the abdomen, which may break 
down and discharge a yellowish pus. Groups of micrococci 
embedded in a gelatinous matrix are present in the granulomata 
and in the pus (A.scococcus equi). 

* See Gordon, Rep. Med. Off. hoc. Gov. Board for 1903-1904, p. 38 8. 

t Journ. JSxp. Med , vol. iv , 1899, p. 521. 

t Gentr. f. Baht. (l te Abt.), vol. xxx., 1901, p. 353. 

§ Johns Hopkins Hosp. Bull., vol. xvi., 1905, p. 309. 

H Trans. Roy. Soc. Med., vol. v., 1912, Path Sect., p. 126. 

M B. 
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The Streptococci. 

Many streptococci of very variable virulence and biological 
characters occur m man and animals. Formerly only one 
pathogenic species was described, Streptococcus pyogenes ; 
now several varieties, if not species, are recognised. 

Morphology. — The streptococci are noil-motile cocci, which 
by regular division become arranged m chains (Plate 111., b). 
They are generally Gram-positive. 

The cells average about 1 /x m diameter, but a cell here and 
there in the chain is frequently somewhat larger than its 
fellows These enlarged individuals have been considered by 
some to be arthrospores, but they are probably merely in- 
volution forms. The length of the chain is very variable and 
may be modified by cultivation, and branch-chains occasion- 
ally form. In pus, etc., the chains are usually not very long 
(Plate III., a). 

Two varieties of Streptococcus , brems and longus, were 
distinguished by Yon Lingelsheim, the former a short chain, 
rendering broth turbid, and non-pathogenic to mice and 
rabbits, the latter a long chain, leaving the broth clear, and 
always pathogenic to these animals. 

Gordon divided the streptococci into four varieties, viz. 
(1) the S. longus , isolated from the mouth, restricted to an 
organism forming exceptionally long chains ; (2) S. medius, 

including the majority of streptococci from pus, sepsis, and 
erysipelas, and Lingelsheim’ s longus ; (3) S. br&i is , including 
Lingelsheim 3 s brevis and the Diplococcus pneumonia * , (4) 8. 

scarlatince or conglomeratus , isolated from scarlatinal angina. 
The Diplococcus pneumonice m culture is a short streptococcus ; 
it and the S. mucosus are described under “ Pneumonia.” 

Cultural Reactions. — Most of the streptococci can be 
cultivated on the ordinary culture media, and usually grow 
both aerobically and anaerobically. Serum agar or blood 
agar is the best culture medium, but even on these the organ- 
isms must usually be sub cultured every few days, or they die 
out. Some varieties are haemolytic, the haemolysis being due 
to a lysin. Haemolytic varieties are common in influenzal 
pneumonia. On agar, or better, glycerin agar, minute whitish, 
semi-transparent, more or less isolated colonies form m 
twenty-four to forty-eight hours (Plate III., c). On gelatin, 
which is rarely liquefied, the growth has much the same 
characters, and is better seen, as this medium is clearer than 
agar, but it takes some days to attain the maximum. In stab- 
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cultures minute spherical colonies develop all down the line 
of the stab, but without invading the surrounding medium. 
In broth a fiocculent deposit forms, the fluid sometimes 
remaining clear, sometimes becoming turbid. There is no 
growth on potato. Litmus milk is usually acidified and some- 
times coagulated, and acid is generally produced from glucose. 
Most streptococci, with the exception of the pneumococcus, 
fail to ferment inulm. The indole reaction can be obtained in 

Holman's Classification of Streptococci. 

Or am -positive cocci in chains, no capsules , bile insoluble . 
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broth cultures in seven to fourteen days on the addition of a 
nitrite, but not without. 

The streptococci are killed by heating to 55° to 60° C. for 
ten minutes, and they are destroyed by weak solutions of dis- 
infectants, e.g ., 1-100 phenol, in ten minutes. Though generally 
delicate organisms, soon dying out, some of the faecal varieties 
may live for weeks or months in water and sewage. 

Much research has been devoted to the differentiation of 

14 2 
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the streptococci. We have the pioneer work of An&rewes and 
Horder, Gordon, Houston, Besredka, and Ainley Walker on 
the fermentation reactions of the group. Fermentation 
reactions carried out with a long series of fermentable sub- 
stances lead to an almost endless number of varieties. Of 
more recent work,* that of Holman, based on haemolysis and 
the fermentation of lactose, mannite and salicin, yields a 
classification as simple and convenient as any. The Americans 
differentiate the pneumococcus and the S. nmcomis from 
the streptococci by Neuf eld's bile-solubility test — the two 
former are dissolved by bile, the streptococci are insoluble in 
this agent. Holman’s classification is given in the table 
on p. 211. 

Holman’s classification thus gives sixteen principal varieties of 
streptococci met with in man and animals. In the following 
summary the figure appended indicates the relative frequency 
of the form, being the number of tunes it was met with by certain 
observers (Holman). 

8. %nfrequens (132). — Frequent m the throat m scarlet fever. 

8. pyogenes (762). — The largest group. The commonest strepto- 
coccus of pyogenic conditions. 

8. anginosus (162). — Common in the throat, tonsils, and nose. 
Occurs in endocarditis. 

8. hwmolyticus I. (5), II . (5), and III . (2). — All rare. 

8. equi . — Hare in man. Met with in ec strangles ” (horse). 

8. subacidus (131). — -Met with in the throat, abscesses, blood 
infections, and endocarditis. 

8. fcecalis (298). — The streptococcus of human faeces. Also 
occurs in the blood, in endocarditis and in wounds. 

8. non-hcemolyticus I. (7), II. (10), and III. (2).— —All rare. 

8. miiis (395). — Commonest of the non -haemolytic strains. Met 
with in the throat and occasionally in the blood and in endo- 
carditis. 

8 . salivarius (309). — Common in the throat and month, occa- 
sionally met with m the blood and in endocarditis. 

8. equimis (42). — In horse and human faeces ; derived from 
horse manure. 

8 . ignavus (71). — The most inactive form. Varieties of 8 . 
fcecaUs, equinus, non - h asm o lyticus II. and III., ferment inulm. 

* See Holman, Journ. Med Research , vol. 34, 1916, p. 378 ; Blake, ibid 
vol. 36, 1917, p. 99 ; Adkinson and Walker, ilnd., vol. 41, 1920, p. 457 ; 
Broadhurst, Journ. Infectious Diseases, vol. 17, 1915, p. 277 ; Smillie, ibid., 
vol. 20, 1917, p. 45 ; Barnes, ibid , vol. 25, 1919, p. 47 , ICendall and others, 
ibid., p. 189 , Havens, ibid., p. 315 ; Clawson, ibid., vol. 26, 1920, p. 93 ; 
Oppenheim, ibid., p. 115. 
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S. vir'idans , isolated by Major and others from cases of sub- 
acnte endocarditis and characterised by the formation of greenish 
colonies on blood-agar, belongs to two or three of Holman’s 
varieties of non-hsemolytic streptococci, particularly S. salivarius . 
They cause chronic infections and have a high invasive power for 
damaged tissues. Heath results from infections by them only 
after a prolonged course or repeated infections. S. lacticus of 
milk belongs to this group but is non -pathogenic. 

The fsecal streptococci belong to several types. Some are mere 
immigrants or wanderers ; thus, pyogenes, salivarius , and mitis 
may occur. On the other hand, faecal streptococci proper have 
certain characteristics. The group might be termed the Entero- 
cocci , a prominent feature of which is heat -resistance ; they are 
not killed by a temperature of 60 ° C. acting for thirty minutes. 
The S fee calls, is a member of the group, but variants occur which 
do not ferment mannite and a few liquefy gelatin.* 

Broadhurst found that human throat strains usually fail to 
ferment mannite and that raffinose fermenters are common in 
the human throat and in bovine faeces, but are strikingly lacking 
in milk. 

Rosenow maintains the essential identity of the members of the 
streptococcus-pneumococcus group of organisms, and claims in 
some cases to have transformed one form into another. 

Streptococci are found in some 16 per cent, of acute circum- 
scribed abscesses. They are, however, especially frequent in 
spreading inflammations, lymphangitis, cellulitis, and pro- 
gressive gangrene, and are a common cause of septicaemia, 
pyaemia, and puerperal fever. They are met with in about 
one-third of the cases of infective endocarditis, occasionally in 
acute osteomyelitis, and are a common cause of post-operative 
pneumonia, 44 septic 99 pneumonia, and the broncho-pneu- 
monias complicating many diseases, particularly influenza. 
They are frequent in septic wounds and are met with in 
rheumatic endocarditis and arthritis and occasionally in 
meningitis. 

In erysipelas, streptococci are generally present in the 
lymphatics at the margin of the zone of redness. These were 
first isolated by Fehleisen, who described the organism as the 
Streptococcus erysipelatis , and by inoculation experiments on 
man and animals demonstrated its causal relation to the 
disease. The experiments on man were made in cases of 
extensive and inoperable carcinoma and sarcoma, as it had 
been noticed that malignant tumours were frequently benefited 


See Bible, Journ. Pathol, and Bacterial vol. xxiv., 1921, p. 3. 
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after an attack of erysipelas. Several cases were inoculated, 
and in all but one typical erysipelas developed (see “ Coley’s 
Fluid/ 5 p. 215). Of Holman’s types, 'pyogenes is most frequent 
in erysipelas (24), but infrequens (6), anginosus and sub-acidus 
(5 each) also occur. Erysipelas, while commonly caused by 
streptococci, may occasionally be produced by staphylococci, 
and possibly by the pneumococcus, B. coh , and even the B . 
typhosus . 

Epidemic sore throat may be caused by streptococci derived 
by milk infection. This form is virulent for the rabbit, is 
haemolytic, and ferments salicm, but does not ferment raffinose 
and inulin (Smillie). Streptococci, usually of the fceccilis type, 
may frequently be obtained from the blood in acute rheumatism, 
and are regarded by some as being the causative organism of 
this disease (see 66 Rheumatism 55 ) 

The different effects produced by streptococci — abscess m 
one case, erysipelas in another, cellulitis or pyaemia m a third 
— are attributable partly to differences m virulence, partly to 
the site of infection and mode of entrance into the body, partly 
to real differences existing between different races of strepto- 
cocci, and partly to the selective affinity of streptococci for 
particular tissues which has already been referred to (p. 134), 
though this may be attributable to difference of race. 

A streptococcus may be the causative organism of scarlatina 
(which see), and streptococci have been described in other 
diseases the causative organisms of which are not certainly 
known, such as variola and vaccinia, but in most instances 
they are probably not causal. Strangles, a disease of horses, 
is caused by the $ eqm. 

Anti-serum. — An anti-serum may be obtained by the 
injection of virulent cultures into horses. The virulence of 
the streptococcus is first increased by passing it through a 
series of rabbits. Serum cultures are used for the inoculation 
of the horses , human serum is best, or a mixture of asses 5 
serum and nutrient broth may be used. The cultures are grown 
for about a fortnight and are then inoculated, first killed and 
then living cultures being used, and after a time the blood 
acquires anti-microbic properties. It is customary now to 
make use of a <e polyvalent 55 serum, i.e ., one prepared by the 
injection of many strains of streptococci, as the anti-serum of 
one strain may not protect against another strain. Thus 
Havens found that haemolytic streptococci can be classified by 
serological tests into three groups. Sera for each group are 
specific for the group and furnish no protection against the 
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other groups. Anti-streptococcic serum has been employed in 
streptococcal infections, such as erysipelas, cellulitis, puerperal 
fever, and pyaemia. It frequently fails, and is probably most 
successful m erysipelas. 

A vaccine prepared by sterilising cultures with heat has been 
used with benefit in streptococcic infections which do not run 
too rapid a course, e.g., infective endocarditis, and strepto- 
cocci are frequently introduced into preventive vaccines for 
influenza and its complications, bronchitis and coryza. Sensi- 
tised streptococcal vaccine (p. 201) seems to be useful in 
wounds Yyith streptococcal infection. 


Coley’s Fluii>. 

This preparation consists of the toxins of the streptococcus of 
erysipelas and the B. 'prodigiosns . It was devised by W. B. Coley, 
of New York, as a cure for inoperable malignant tumours, par- 
ticularly sarcoma (p. 213). Originally prepared by growing a 
virulent streptococcus obtained from a fatal ease of erysipelas in 
bouillon for about ten days ; the culture is then inoculated with 
the B . joodigiosns , and the two are allowed to grow together fox' 
another week or ten days. The culture is finally heated to from 
58° to 60° C. for one hour, and a piece of thymol added to pre- 
serve it The fluid is now prepared by growing the organisms 
separately and then mixing the two sterilised cultures in proper 
proportions. 

The fluid is injected subcutaneously in the vicinity of the 
tumour The primary dose recommended is £ minim of the fluid. 
The dose is gradually increased each day until there is a tempera- 
ture reaction of 103° to 104° F. 

See Coley, Broc. Boy. Soc. Med., vol. iii , 1909—10, Surg. Sect., 
p. 1 ; ibid , vol. vi., 1913, p. 35; Ann. Surgeiy, vol. xx., 1919, 
p. 633. 


Bacillus pyocyaneus [Pseudomonas pyocyaxea]. 

This organism is the cause of blue pus, and also occurs on 
the surface of the body. Its presence m wounds greatly retards 
healing, and occasionally a general toxaemia may result from 
it. It has been met with in otitis media and in the green pus 
of the pleural and pericardial cavities. It is a slender bacillus 
measuring 3 to 4c jju, frequently forming pairs and filaments. It 
is actively motile, non-sporing and Gram-negative, and is 
aerobic and facultatively anaerobic. On gelatin it grows 
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freely with, rapid liquefaction, a greenish, fluorescent colour 
developing in the liquid, and whitish floccuK of growth sink to 
the bottom. On agar a whitish moist layer develops, and the 
medium is stained a greenish or bluish colour. On potato the 
growth is dirty brown or sometimes greenish. 

Milk is coagulated, and a greenish colour develops Broth 
becomes turbid, and there is a slight film formation with a 
yellowish-green colour. Oxygen is necessary for the develop- 
ment of the pigment, which is generally a mixture of a blue 
pigment, pyoeyanin, and a yellow one, pyoxanthose. Pyo- 
cyanin (C 14 H 14 N 2 0) is said to be an anthracine derivative ; 
it is soluble in chloroform, and on oxidation yields pyoxanthose 
Gfessard describes sixteen races of the organism.* 

Subcutaneous inoculation of a small amount of culture pro- 
duces a local abscess ; larger amounts cause oedema with 
purulent infiltration of the tissues and death. Animals can be 
vaccinated by means of small quantities of living cultures or 
by sterilised cultures. Sterilised cultures will prevent infection 
(experimentally) by anthrax if used early— that is to say, if an 
animal be inoculated with anthrax, and shortly afterwards 
injected with a broth culture of the Bacillus pyocymieus, a 
fatal result is averted. Emmerich and Loew f isolated from 
cultures a ferment-like body, “ pyocyanase,” which is stated 
to possess preventive and curative properties for anthrax and 
diphtheria infections. Dry pyocyanase has been used as an 
application in diphtheria to dissolve the membrane. 

B . pyocyaneus sometimes occurs in diarrhoea, with green 
stools and may be isolated from the blood in some cases of 
marasmus in young children. A form of epidemic dysentery 
seems occasionally to be caused by this organism (see Dysen- 
tery ”). A few cases of general infection with this organism 
have also been recorded. It has also been isolated from con- 
ditions of dermatitis and bullous eruptions. The J 8. pyocyaneus 
has been found in water, dung, soil, and in the effluent from 
filter beds. Lehmann and Neumann state that, with the 
exception of pathogenicity, there is no essential difference 
between this organism and the B. fluorescens Uqnefaciens so 
frequently met with in water. 

The B. pyocyaneus seems to be of more frequent occurrence 
and of greater pathogenicity in the tropics than in this country. 
A disease in dogs hearing a remarkable resemblance to rabies 
may be caused by it (see cc Kabies ”). 

* Ann. de V Inst. Pasteur, vol. xxxiv., 1920, p. 88. 

f Zeitschr . f. Hyg., 1899 ; Gentr, f. Baht., xxxi. (Originate), p. 1. 
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Clinical Examination in Septic Diseases. 

The clinical features of the disease or condition will frequently 
he some guide to the organism likely to he present in the pus or 
discharge, etc., in which case the examination may be more 
particularly duected towards the isolation of the suspected 
organism. For example, in a urethral discharge the gonococcus 
will be especially looked for, in an empyema following pneumonia 
the Diplococcus pneumomce, in a meningeal exudate the D. pneu- 
moniae or the D. intracellular is, B . tuberculosis or cocci or strepto- 
cocci, in cystitis B. coli , and in a tropical abscess of the liver 
following dysentery the Bntamceba histolytica . In buboes, cocci 
and strexito cocci, Duerey’s bacillus and the plague bacillus may 
occur. In the eye certain special organisms may be met with. 
Suppurating glands are frequently due to the tubercle bacillus. 
In all cases the pus or discharge should be collected with aseptic 
precautions m sterile capillary jhpettes or in sterile test-tubes at 
the time of operation. The discharge from opened abscesses and 
from wounds is liable to become contaminated and the original 
infection to be masked. In septic wounds the infection may be a 
mixed one. 

In all cases the examination should b£ commenced as early as 
possible. 

(1) Make several smears from the pus or discharge. 

(2) Stain one or two of these with Loffler’s blue and one or two 
by Gram’s method. Mount and examine microscopically 

(a) If Gram-positive staphylococci only are detected, the 
presence of the ordinary pyogenic cocci may be suspected. Pro- 
ceed as in 3 and 4. 

( b ) If encapsuled Gram-positive diplococci are detected, suspect 
the presence of the Diplococcus pneumonice , and proceed as m 3, 
4, and 5 (see also Chapter XII.). 

(e) If diplococci and tetracocci are present, note whether they 
are in groups within the pus-cells ; if so, and if Gram -negative, 
the gonococcus or meningococcus is indicated (see pp. 227 and 
219). 

(d) If free Gram-positive tetracocci are detected, suspect the 
presence of the M^crococcus tefoagenus, and proceed as in 3 and 4 
(rare). Staphylococci not infrequently appear in pairs and fours. 

( e ) If streptococci are present, proceed as in 3, 4, and 5. 

(/) If hacilli are present, they may he B. coli , Bacillus per - 
fnngens , the bacillus of malignant oedema, the bacillus of Hibler, 
the tetanus bacillus, the typhoid bacillus. Bacillus pyocyaneus , 
capsulated hacilli, or putrefactive hacilli of the Proteus group 
(which see). The result of Gram-staining and the clinical history 
of the case will be some guide. 
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a. B . coli 9 especially frequent in suppurative peritonitis and in 
diseases of the urinary organs (see Chapter X.). 

p. Bacillus perfmngens, the bacillus of malignant oedema and 
the bacillus of Hibler are met with in foul wounds, especially 
gunshot wounds and gangrenous conditions, with development of 
gas (see Chapter XIII.). 

y . The tetanus bacillus is found in the wound in cases of trau- 
matic tetanus (see Chapter XIII.)* 

S. The typhoid bacillus is rare ; it may occur in suppurative 
conditions complicating or following typhoid fever. Proceed as 
in 3 and 4 (see also Chapter X.). 

Capsulated bacilli may be FriedlandePs pneumo -bacillus 
(which see) or others (p. 237). Proceed as in 3, 4, and 5. 

When the Bacillus pyocyaneus is present the pus or discharge 
may be blue. Proceed as in 3 and 4. 

(i g ) If yellow granules are present, showing microscopically 
filamentous tufts, actinomycosis may be suspected and examined 
for by the methods given in Chapter XV. 

(. h ) If thread forms be present, streptotlwtx, aspergillar, or other 
hyphomycete infection may be suspected (see Chapters XV. and 
XVII.) : if large round or ovoid cells or yeast -like forms, Blasto - 
mycetes, Momlia , or Sporotnchon (Chapter XVI.). 

G) If a mixture of organisms be present, agar, gelatin and other 
plate cultivations should be prepared and further examined by 
subcultures from the colonies. 

(j) If no organisms can be detected microscopically, proceed as 
in 3 and 5. In the pus of ordinary abscesses micro-organisms can 
generally be detected, unless caused by the tubercle or glanders 
bacillus, the pneumococcus, or the Entamoeba. In broken-down 
granulomata, e.g gummata, if unopened, no organisms may be 
present. 

(3) Make several cultivations on agar, gelatin, or other suitable 
media (anaerobic if required), and examine microscopically and 
by subcultures when the growths have developed. 

(4) Make plate cultivations on agar, blood agar, scrum, gelatin, 
or other media. Examine the colonies microscopically and by 
subcultures. 

(5) Inoculate guinea-pigs or mice subcutaneously and intra- 
peritoneally with the material. 

(6) Organisms can rarely be detected in the blood by a micro- 
scopical examination of stained films. Therefore 2-5 c.c. of blood 
should be withdrawn and cultivated (p. 106). 

(7) If the abscess be probably a tropical abscess of the liver, the 
pus or scrapings from the wall of the abscess should be examined 
for the presence of the Entamoeba (Chapter XVIII.). 

Diphtheroid bacilli are frequent in wounds. 



THE MENINGOCOCCUS 


219 


Micrococcus [Neisseria] meotugitidis. 

Weichselbaum in 1887 isolated from cases of cerebro-spinal 
fever (epidemic cerebro-spinal meningitis, spotted fever) a 
coccus which, he named the Diplococcus intracellular is menin- 
gitidis, and further research has confirmed the accuracy of 
Weichselbaum 5 s discovery and the aetiological relationship of 
the organism to the disease. While tending to be epidemic, 
the disease also occurs sporadically. 

Cerebro-spinal fever varies much m severity and presents 
every degree of duration from acute fulminating cases, which 
may die within twenty-four hours of the first onset, to cases 
running a lingering course of weeks or months. In the more 
acute cases a haemorrhagic septicaemia may be present with 
haemorrhages in the skin, hence the name te spotted fever 55 
sometimes applied to it (typhus fever has also been termed 
<e spotted fever 55 ). 

The meningococcus is met with m the exudate on the 
meninges, in the cerebro-spinal fluid, occasionally m the blood, 
rarely in the urine and m other situations, e.g ., eye, ear, joints. 
It is also present in the naso-pharynx of carriers and sometimes 
(perhaps always at an early stage) m the same situation in 
cerebro-spinal fever. 

Morphology, etc. — The meningococcus occurs as single 
cocci and diplococci in groups within the leucocytes (Plate 
IV., a) ; m grouping and general appearance, in fact, it closely 
resembles the gonococcus, and, like the last-named, is Gram- 
negative, though staining well with the ordinary amlin dyes 
and with the Leishman stain. The cerebro-spmal fluid is 
generally turbid from the presence of numbers of polymorpho- 
nuclear leucocytes, many of which contain the cocci. Some of 
the cocci may also be free in the fluid. At an early stage and 
in some of the very acute and fulminating cases the fluid may 
be almost or quite clear, almost free from cells, and the cocci 
may be very scanty. In cultures the organism occurs as cocci, 
diplococci, and occasionally as tetrads. Swollen involution 
forms may appear, and the cocci of different strains may vary 
in size. 

Cultural Characters. — The meningococcus is an obhgatorv 
aerobe, and does not usually grow at a temperature below 
about 23° C. It will not grow on ordinary agar or in broth, 
and many special media have been devised for its cultivation. 
One of the best is blood-agar, or ordinary agar smeared 
with blood, human or rabbit. Serum or ascitic-fluid agar or 
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broth are also good soils. Nutrose ascitic agar ( £t nasgar ”) 
was formerly recommended by Gordon, but has not fulfilled 


expectation : 



Ascitic fluid . 

. 

1 5 c.o. 

Distilled water 

- 

35 o.c 

Nutrose 

- 

1 grm 


The mixture is placed m a flask, brought to the boil with con- 
stant shaking, and filtered. It is then mixed with double the 
volume of ordinary nutrient agar, steamed for thirty minutes, 
filtered, and filled into tubes. 

Gordon and Hine devised another medium — legunnn tryp- 
agar — made with Douglas’s trypsin agar with the addition 
of a saline extract of pea-flour and preferably also of some 
serum. It is quite a good medium, though not so good as 
blood agar, but has the advantage that it can be made m any 
quantity and stored for use. 

The saline extract of pea-flour is prepared by taking 100 
grams of pea-flour (Pearce Duff’s), 100 grams of salt and 1 litre 
of distilled water. The mixture is steamed for half an hour, 
allowed to settle, and the extract filtered. Five per cent of 
this extract is added to trypagar. 

The colonies of the meningococcus on blood or legumin agar 
after twenty-four hours’ incubation at 37° C. appear as moist, 
grey, translucent, circular or oval discs with regular outline ; 
after a further twenty hours’ growth they may attain a 
diameter of 3 to 4 mm. The colonies never exhibit any 
yellowish coloration, as do those of some other G ram -negative 
cocci (see p. 224). 

The vitality of the meningococcus is brief on blood and 
legumin agar — twenty -four to forty-eight hours. In trypsin 
broth with the addition of a little serum the meningococcus 
will live for two to three weeks at 37° C. Vines employs a 
starch medium consisting of beef-broth with the addition of 
1 per cent, starch and 1*5 per cent, agar ; stab-cultures (but 
not surface cultures) in this medium kept at 37° C. live for two, 
three or even four weeks. 

Absence of growth at and below 23° C. has been regarded 
as a valuable diagnostic feature of the meningococcus. Gordon 
found that of thirty-five strains thirty-two did not grow at this 
temperature in ten days ; the remaining three showed some 
growth on legumin agar in forty- eight hours. 

The meningococcus is exceedingly intolerant of cooling and 
drying ; desiccation kills it in two to five minutes. Hence 
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swabbings for culture from carriers should be inoculated on the 
spot and the cultures kept warm until placed in the incubator. 

Small quantities of nasal mucus enhance the growth of the 
meningococcus, while saliva has a contrary effect. This 
inhibitory action of saliva is due to the salivary bacteria, 
chiefly streptococci. 

Fermentation Reactions. — These are best obtained in liquid 
media tinged with litmus and containing 1 per cent, of the 
fermentable substance, e.g., Hiss’s medium (p. 264) or veal 
broth with some added serum. The meningococcus forms 
acid from glucose, maltose and mannose, but not from lactose, 
galactose, saccharose, mulm, mannitol, dulcitol, and a number 
of glucosides. It was formerly stated to ferment galactose, 
but this seems to be an error due to the galactose used under- 
going partial decomposition during sterilisation of the medium. 
Mannose is acidified in three to four days, but in six to seven 
days the medium returns to its original slight alkalinity and 
colour. Dextrin is stated by Symmers and Wilson * to be 
acidified. The fermentation reactions are liable to some 
variation ; thus Gordon met with three strains which failed 
to ferment glucose. Supposing an atypical result is obtained, 
e.g ., failure to ferment glucose, the culture should be examined 
by subculture to ascertain that the organism is alive, or if a 
sugar is fermented which should not be, the culture should be 
examined for the presence of other cocci or streptococci. 

Agglutination and Races. — An agglutination reaction is 
given m some cases with the patient’s serum, but is neither 
constant nor marked enough to form a sure means of diagnosis. 
The macroscopic method is to be preferred, and the mixtures 
of serum and culture should be kept at 55° C. for twenty-four 
hours and the readings then taken. 

Symmers and Wilson found that the blood of cerebro-spinal 
fever cases may occasionally agglutinate the B. typhosus and 
B. coli in comparatively high dilutions. 

Agglutination is a valuable means for the recognition of the 
meningococcus. The immune serum is best prepared, accord- 
ing to Hme, by giving a young rabbit intravenously a dose of 
1,000 million killed cocci, followed one hour later by a dose of 
500 million, and on the sixth day by a dose of 3,000 million. 
The serum is tested on the eighth day, and if satisfactory the 
animal is bled to death on the ninth day and the serum pre- 
served : such a serum will probably have a titre of about 
1-1,200. 

* Journ. of Hygiene , vol. ix., 1909, p. 9 ; ibid., vol. viii., 1908, p. 314. 
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For agglutination, tests, the organism is grown on a legumin 
agar plate for twenty-four hours at 37° 0., the growth is 
emulsified in saline, and the saline suspension for the test is 
standardised to contain 2,000-4,000 million cocci per cubic 
centimetre. For the test, the macroscopic method is employed, 
the tubes containing the mixtures are kept at 55° C., and the 
readings taken at the end of twenty-four hours. 

By the application of agglutination and saturation tests the 
meningococcus has been differentiated into at least four types 
or races. The method employed was as follows . A series of 
meningococci from the cerebro- spinal fluid of thirty-two cases 
of cerebro-spinal fever having been collected, an agglutinating 
serum was prepared with one of them, and all the thirty-two 
strains were tested as to agglutination with it. The result was 
that nineteen of the strains agglutinated well and three only 
slightly. They were all further tested by the saturation test, 
with the result that all the nineteen strains which agglutinated 
well absorbed agglutinin, while the remaining thirteen, includ- 
ing the three which agglutinated only slightly, failed to absorb 
agglutinin. The nineteen strains which agglutinated and 
absorbed were grouped together as type I. 

Type II. was differentiated by taking one of the thirteen 
strains which were excluded by the first test, preparing a 
second agglutinating serum with it and testing all the thirty- 
two strains with this second serum. Although twenty- one of 
the strains showed some agglutination, this was well marked 
in the case of seven of them only. On applying the absorption 
test, all of these seven cocci, and also one of the cocci that had 
agglutinated only slightly with the second serum, were found 
to absorb agglutinin. These eight cocci formed, therefore, 
type II. By the same procedure two more types were differen- 
tiated among the remaining strains, viz., types III. and IV. 
The final result was that of the thirty-two strains nineteen 
formed type I., eight formed type IT., four formed type III., 
and one formed type IV. One specimen was amphoteric, 
qualifying for both types I. and III. It is noteworthy that no 
less than twenty-seven of the thirty -two meningococci (84 per 
cent ) were included in the first two types. Further work has 
confirmed these results with the addition of a few strains with 
anomalous reactions, and these have been termed para- 
meningococci. 

Similar types of meningococci are also present in the naso 
pharynx ; moreover, if a case of cerebro-spinal fever has 
meningococci in the naso-pharynx, the cocci in this situation 
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are of the same type as in tlie cerebro-spinal fluid. Further, 
only one type is present in the cerebro-spinal fluid of a case. 
The different types breed true, maintaining their original 
serological characters. 

Pathogenesis. — Monkeys may be infected by intracerebral 
or intrathecal injection with the production of a typical 
cerebro-spinal meningitis. Injected into the peritoneal cavity 
of mice and guinea-pigs, or intravenously in rabbits, the 
meningococcus produces a fatal septicaemia. 

Carriers. — As already mentioned, the meningococcus is 
present in the naso-pharynx of a certain number of contacts 
and others. The greater the closeness of contact, the larger 
the proportion of infected contacts. Of 4,667 healthy non- 
contacts Bassett-Smith found the meningococcus m fifty-three 
= 1-124 per cent. ; of fifty-two healthy contacts it was present 
m three = 5-77 per cent. These figures have been much 
exceeded in other investigations ; 10—13 per cent, of non- 

contacts have sometimes been found to carry the meningo- 
coccus. The duration of the carrier state is uncertain , a 
majority clears in from tw r o to three weeks, but others may 
persist for ten weeks or longer, and all treatments seem more 
or less unsatisfactory. The proportion of carriers who become 
cases of cerebro-spinal fever is not known, but a considerable 
number escape. While the presence of the meningococcus m 
the naso-pharynx suggests that infection of the meninges is 
derived from this source via the cribriform plate of the ethmoid, 
this is not generally accepted, and infection is usually regarded 
as being conveyed by the blood-stream. 

Anti-serum and Vaccine. — Flexner first prepared an anti- 
serum by the injection of horses with cultures. The method 
of preparation recently employed at the Rockefeller Institute 
consists m beginning with small and increasing doses of living 
meningococci injected intravenously daily for three days, 
followed by a period of rest of seven days. A second, and 
sometimes a third, series of similar injections with increased 
amounts are given. Then another strain is taken, and the 
same procedure is adopted, and in this way a polyvalent 
serum for three or four strains may be prepared in nine to 
twelve weeks. 

In some instances the anti-meningococcal serum has been 
found very beneficial, markedly reducing the mortality ; in 
others little or no result has followed its use. This difference 
probably depends on whether the serum is strictly homologous 
or no for the infecting organism. The serum should be given 
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intrathecally. Vaccine treatment has also been tried in doses 
of 25 to 100 millions to commence with, but the general 
experience is not favourable. 

Vaccine has also been used for prophylaxis, dose 50 to 150 
millions intravenously. Sufficient data as to its value are not 
available. 

F. E. Taylor * found that a meningococcal vaccine produces 
a high antibody content (agglutinin) in the blood, but that 
none of the antibody passes into the cerebro -spinal fluid. 

The Gram-negative Coccr of the Upper 
Respiratory Tract. 

It may be of service here to describe certain Gram-negative 
cocci which are met with in the naso -pharynx and to contrast 
them with the meningococcus. 

Micrococcus pharyngis siccus . — Common. Grows freely, forming 
white and adherent colonies. Develops at 23° O. and rapidly 
ferments glucose and saccharose. 

Micrococcus flavus I . — Common. The colonies, first whitish, 
soon become yellow, and on touching them they tend to slide 
about and may be picked up whole. Develops at 23° O. and 
ferments glucose and saccharose m three to four days. 

M%crococcus flavus II . — Rare. More delicate m growth than 
the preceding. Colonies become yellow and are sticky and 
stringy. Easier to subculture than the preceding. Ferments 
glucose and saccharose slowly, and the change is olten earlier in 
saccharose. 

M'icrococcus flavus III. — Not common. Colonies of a canary - 
yellow and of the consistency of paint. Two forms are described, 
one growing strongly at 23° C. in twenty-four hours, the other 
failing to grow at this temperature. Ferments glucose m four 
days, but fails to ferment saccharose. 

Micrococcus catarrhalis . — Not uncommon. Colonies whitish 
and like paint, easily emulsified. Growth at 23° C. is feeble. No 
sugars are fermented (see also p. 230). 

Meningococcus . — Colonies whitish, or with the faintest yellowish 
tinge, of consistency like paint and easily emulsified. Rarely 
grows at 23° C. Ferments glucose, but not saccharose. Mannose 
first becomes acid and then alkaline. The JDijglococcus crassus , 
which is Gram-positive, and the D. mucosus , which is Gram- 
negative and grows on gelatin, may also occur in the naso -pharynx 
(Arkwright, loc. cit.). 


* Lancet , 1918, vol. i., p. 19. 
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The following table summarises the fermentation reactions : 


Organism. 

Glucose. 

Saccharose 

Mannose 

Galactose 
and Imilin. 

31 pharyngis siccus 


+ 1 

+ 1 

+ 1 


31. flavus I. 


+ 1 - 3 

-f- 2 

n_ 3 

No 

31. flavus 11. 


+ 4 

-4- 4 

4- 4 

change | 

31. flavus III. 


_!_ 3.4 

0 

+ 3_1 

with S 

31. catarrhahs 


0 

0 

0 

any I 

j 

i 

Meningococcus 

* 

1 + 4 1 

0 

+ 3_7 


+ = acid 0 — no change. The figures indicate the clays on which the 
change occurs (after Graskell). 


G. F. Still observed in simple posterior basic meningitis of infants 
a diplococcus closely resembling the meningococcus, but growing 
more freely on agar, etc. By some it is regarded as an attenuated 
form of the latter. According to Arkwright it does not liquefy 
gelatin, and grows on this medium at 22° C., fails to produce acid 
from glucose, maltose, and galactose, and is not agglutinated by a 
meningococcus serum. It is m these respects very like the 3/. 
cinereus of Lingelsheim. Wollstem * failed to find any reliable 
criteria of difference between strains of the JO. intracellular is and 
several cultures obtained from cases of y>osterior basic meningitis. 
Houston and Rankin f found that ten Gram-negative cocci isolated 
from cases of sporadic cerebro- spinal meningitis differed from the 
JO . intracellulans in respect of their opsonins and agglutinins, 
though eight of them were identical with the meningococcus in 
fermentative power. 

Literature on the Meningococcus. — Gordon, Hejj. Toe. Gov. 
IJoatd , 1907 (Bibliog ) ; Arkwright, Journ. of Hygiene, vol. vii., 
1907, p. 193, and vol. ix., 1909, p. 104 ; ibid., vol. xv., 1916, pp. 405, 
446, and 464 (Eastwood, Griffith, Scott) ; A. S. Griffith, ibid., vol. 
xix., 1920, p. 33 ; Medical Research Committee, Hep. of the Special 
Advisory Committee upon Bacteriological Studies of Cerebro -Spinal 
Fever during the Epidemtc of 1915 (Special Report Series, No. 3). 

Clinic An Examination. 

(1) In a case of suspected cerebro -spinal fever, no time should 
be lost in obtaining aseptically some cerebro -spinal fluid by 
lumbar puncture. The fluid should be examined as soon as 
possible and should be kept warm in the incubator, in the pocket, 
or in a thermos flask with warm water, until finished with. 

{a) The fluid will probably be thickly turbid. Smears should 

* Studies from the Rockefeller Inst., vol x., 1910, No. 13. 
f Brit. Med. Journ., 1907, vol. n., p. 1414. 
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be made witli the deposit, obtained by allowing the fluid to stand 
for a little while or by centrifuging lightly. Borne of the smears 
may be stained with the Leishman stain or with Loffler’s or 
thionine blue, others by Gram's method, counter-staining with 
Bismarck brown. The presence of diplococci and groups of diplo- 
cocci which are Gram -negative within tlio polymorphonuclear 
leucocytes, which form the majority of the cells in the fluid, 
is practically diagnostic (the gonococcus may cause a cerebro- 
spinal meningitis, hut this condition is so rare that it may be 
neglected). A few cocci and diplococci may be free m the fluid. 
At an early stage and in some of the fulminating cases the fluid 
may he nearly free from cells and the meningococcus difficult to 
detect microscopically. It can, however, generally be found after 
centrifuging and by careful examination. 

If the cocci are not found microscopically, they may sometimes 
he demonstrated after incubating the fluid at 37° O. for twenty - 
four hours. 

At a late stage in the disease, the cocci may disappear from the 
cerehro -spinal fluid and the polymorphs be largely replaced by 
lymphocytes. 

( b ) Cultures should be made by smearing some of the fluid on 
to plates of blood-, serum-, or legumm- agar, preferably the two 
former, and incubating at 37° C. The plates are examined alter 
twenty -four and forty-eight hours’ incubation, susx>icious colonies 
being examined microscopically with Gram-stammg, and sub- 
cultured on to blood agar, etc., some tubes being incubated at 
37° C., others at 23° C., and into litmus glucose and litmus 
saccharose serum broth (also mannose, if available). Cultures 
are best made both before and after incubation of the fluid ; the 
latter sometimes succeed when the former have failed. Hope of 
growth need not be abandoned until the culture has been incu- 
bated for four days : the medium should always be liberally 
inoculated. 

The coccus dies in the cadaver in thirty -six to forty hours, 
sometimes earlier. 

(2) Carriers. These may be examined by plating swabbings 
taken from the naso -pharynx in. the same manner as cerebro- 
spinal fluid. The swabbings should be cultured on the spot if 
possible, or as soon as practicable, the swabs in the meanwhile 
being kept warm and moist, or the coccus may die. It is impor- 
tant also to avoid soiling the swab with sadva ; this may he 
accomplished by the use of West’s swabs, which consist of a piece 
of large glass tubing of suitable length curved at one end. Within 
the tube is a piece of flexible wire having the swab at one end. 
Bor use, the swab is withdrawn into the curved end of the tube ; 
the tube is then introduced into the mouth and the curved end 
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turned up at the hack of the palate. The swab is then pushed 
out of the tube, rubbed over the naso -pharynx and withdrawn 
again into the tube, which is then removed from the mouth. By 
this means contamination with saliva is prevented. 

Micrococcus [Neisseria] gonorrhoea. 

The Micrococcus gonorrhoeas was discovered by Neisser in 
1879 in cases of gonorrhoeal urethritis. In gonorrhoeal pus it 
occurs usually in pairs, occasionally in tetrads, the elements of 
which are somewhat ovoid in shape, their opposed surfaces 
being flattened. The organism has a characteristic arrange- 
ment in groups within the pus-cells (Plate IV., b). The 
individual cocci vary somewhat in size, the average being 
about 0*7 [jl in the long, and 0*5 /x in the short, diameter. It 
stains readily with the ordinary anilin dyes, Loffier’s blue 
being perhaps the best, but is decolorised by Gram’s method 
— an important practical distinction from many other cocci. 
In the pus of the acute stage of gonorrhoea in the male the 
gonococcus may be present in numbers and in practically pure 
culture. As the acute stage passes off the organisms become 
less numerous, and m the chronic gleet may be very difficult 
to find In the female the gonococcus is generally exceedingly 
difficult to find in a vaginal discharge, in which it is associated 
with swarms of other organisms. It may occasionally be found 
in a vulvar discharge or in. discharge obtained from the cervix. 
In the male urethra it is frequently associated with other Gram- 
negative cocci. 

Cultural Characters. — The gonococcus is difficult to cultivate, 
and when cultivated soon dies out — within a week, unless 
transferred to fresh soil. Growth takes place between 25° and 
38° C., but the optimum temperature is between 35° and 37° G. 
It is aerobic, and possibly facultatively anaerobic, and will 
develop on a feebly alkaline or acid soil, but will grow only on 
special media. Blood-serum agar gives fair results, but the 
ordinary Loffler’s blood-serum is of no use. Legumin trypagar 
and tryptamine media may be used,* also egg-broth. The best 
medium is an agar tube or plate smeared with sterile human 
or rabbit blood. The gonorrhoeal pus, collected aseptically, 
is mixed with the blood and smeared over the surface of the 
agar by means of a sterile camel’s hair brush. The cultures are 
incubated at 37° C., and in twenty-four hours the colonies of 

* Bull directions for i>reparmg these media will be found in Rep. 2STo. 19, 
Special Rep Series, Medical Research Committee, 1918. 
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the gonococcus appear as transparent greyish specks, which 
increase in size up to the end of three days. At this stage the 
colony measures 1 to 2 mm. in diameter, is raised, brownish, 
and finely granular in appearance, and roundish with a crinkled 
margin. The cocci from cultures resemble those in the pus, 
but tetrads are more frequently met with. The fermentation 
reactions and comparison with other Gram-negative cocci will 
be found in the table, p. 229. The specific virulence of gonor- 
rhoeal pus is destroyed by exposure to a temperature of 60° C. 
for ten minutes. 

Pathogenicity. — The gonococcus is a strict parasite, and 
seems exclusively to attack man. Inoculation experiments on 
the human subject have proved it capable of producing typical 
gonorrhoeal urethritis and vulvitis. 

The gonococcus is associated with a variety of lesions, 
genital and extra-genital, viz., epididymitis, prostatitis 
ovaritis, salpingitis, cystitis, peritonitis, arthritis and oph- 
thalmia. It has been met with in the blood, and occasionally 
produces pneumonia, endocarditis, pericarditis, and meningitis. 
The gonococcus is fatal to guinea-pigs and mice by mtra- 
peritoneal inoculation. Injected into the anterior chamber of 
the rabbit’s eye, it produces a typical ophthalmia with irido- 
cyclitis. 

Complement fixation may be obtained in many gonococcal 
infections by using a polyvalent gonococcal antigen. 

Anti-serum and Vaccine. — Attempts have been made to 
produce an anti-serum by injecting cultures into animals.* A 
vaccine may be prepared by sterilising cultures with heat, and 
has proved of some service m chronic gonorrhoeal infections. 
A so-called cc detoxicated vaccine 55 is now made. 

Clinical Diagnosis. 

The diagnosis of gonorrhoea is very important, not only in 
clinical but also in medico-legal cases. For this purpose micro- 
scopical examination and culture methods are made use of. In 
a chronic gleet the material must he examined carefully and 
repeatedly. 

(1) Microscopical JSxaTThinafoon . — Several thin smear specimens 
of the pus or discharge should be prepared. If the best results are 
desired the dims should be air- dried, and then fixed by placing 
in a mixture of equal parts of alcohol and ether for fifteen minutes. 
After fixing, a couple of the films are stained m Doffler’s blue for 


* See Ternen, Debre and Paraf, Ann. de VInst . Pasteur , xxxiv., 1920, p. 33. 
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five to ten minutes, washed in water, dried and mounted. Leish- 
man’s stain also gives good results, the films being merely air 
dried and not fixed. The preparations are then examined with 
a good oil-immersion lens. The ovoid cocci in pairs, and occa- 
sionally in tetrads, occurring within the pus-cells in groups of not 
less than four pairs are very characteristic. Diplococci situated 
outside the pus -cells should he neglected (it is to be noted that the 
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nuclei of the pus -cells are deeply, the cytoplasm only faintly, 
stained with methylene blue). The next step is to ascertain the 
staining reaction by G-ram’s method. The Medical Research 
Committee recommends Jensen’s modification for this purpose* 
Thin films are prepared and fixed by heat, avoiding over -heating. 
After cooling, the film is stained with a 0-5 per cent, aqueous solu- 
tion of methyl violet (6B) for one quarter to half a minute. Pour 
off: the excess of stain and wash away the remainder with iodine 
solution (iodine 1 gram, potassium iodide 2 grams, distilled water 
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100 c.c.). Do not wash witli water. Treat tlie film with more 
iodine solution for one half to one minute. Wash off the iodine 
solution with absolute alcohol. Treat with fresh absolute alcohol 
once or twice until the film is decolourised ; the slide should he 
tilted to and fro during this part of the process. Then rinse with 
a few drops of absolute alcohol, followed immediately by counter - 
staining with neutral red solution for one quarter to one minute. 
Finally rinse in water and dry. Tlie neutral red solution con- 
sists of neutral red 1-1 J grams, 1 per cent, glacial acetic acid 2 c.c., 
and distilled water 1,000 c.c. The gonococci are decolourised, and 
take up the red stain. In chronic urethritis the urine may he 
centrifuged, and preparations are made from the deposit and 
threads and stained ; it may he necessary to massage the, pros- 
tate in order to obtain secretion. 

In gonorrhoeal vaginitis, etc., in the female, the discharge 
generally contains large numbers of other organisms, and the 
gonococcus is usually difficult or impossible to detect. 

(2) Culture Methods. — Whenever a diagnosis is of great import- 
ance an attempt should be made to cultivate the organism. Plate 
cultures of agar smeared with blood as described (p. 227) and 
another set with agar only should be prepared and mcuhatcd at 
37° C. In forty-eight hours colonies of the gonococcus should be 
recognisable on the blood-agar, but not on the plain agar. 

If cultures are obtained, the fermentation tests (see table 1 ) may 
be applied. 

(3) Complement FixaUon. — This may be employed, using a poly- 
valent gonococcal antigen (see Thomson, Lancet , 1918, vol n., 
p. 42; Tulloch, Journ. Roy. Army Med. Goips, 1923, vol. xh , pp. 
334, 432), hut the results obtained are often inconclusive. 

N.B. — The greatest caution must be exercised 'in declaring a case 
free from infection on the ground of Negative results of the 'micro- 
scopical examination. 

Micnococcus [Neisseria] catauriialis 

This organism occurs in the nose and throat in cases of catarrh, 
and particularly in the “influenza cold ” (see “ Influenza ”), in 
bronchial catarrh, and occasionally in other conditions and in 
well people. Morphologically it occurs in pairs and tetrads, often 
within the polymorphonuclear leucocytes. It is Gram-negative. 
The primary generation develops feebly on agar, but subsequent 
generations grow fairly well, forming whitish translucent colonies. 
Blood or ascitic media should he used for isolation. Some of the 
fermeiitation reactions and a comparison with other Gram-nega- 
tive cocci are given in the tables on pp. 225 and 229. A vaccine 
containing it is frequently of service both for prevention and 
treatment of catarrhal affections of the respiratory tract. 
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Micrococcus [Staphylococcus] tetragenus. 

This organism is frequently met with in phthisical cavities and 
may be expectorated in the sputum, and has also been found in 
the pus of acute abscesses. The cells occur singly (diameter 1 jj,) 9 
in pairs, or in fours, are enclosed within a capsule (Plate I., 4), and 
are G-rampositive. On gelatin it develops slowdy, with the forma- 
tion of a thick, white, shining growth without liquefaction. On 
agar the growth has much the same characters, and on potato is 
white and viscous. Inoculated into animals, particularly mice, a 
local abscess may form, but usually a fatal general infection ensues, 
and the organism is found m the blood and organs. 

A few cases of general infection in man have been described, 
which may assume a typhoid type, and two cases of tetragenus 
eerebro -spinal meningitis are recorded by Ramond and Pesibois.* 

8 ARC IN A VEN TRICULI. 

An organism occurring in the contents of the stomach, especially 
when dilated. Originally described by Goodsir in 1842. 

It occurs as a large ovoid cell, several of which are grouped 
together quadrilaterally so as to form more or less cubical masses, 
the so-called “ woolpacks” (see Plate I.). According to Falken- 
lieiin, it forms on gelatin in thirty-six to forty-eight hours 
roundish, prominent colonies of a yellowish colour, and m neutral 
hay infusion a brownish film and flocculi. It produces an acid 
reaction. 

Other saremse also occur m the stomach. 

Clinical Examination. — (1) The organism can be detected m the 
vomit, etc., most readily by examination m the fresh state, a 
little of the material being placed on a slide, diluted with water 
if necessary, irrigated or not with iodine solution, covered with a 
cover-glass, and examined. 

(2) Film preparations may be stained with weak eaibol fuehsin, 
or by firain’s method. 


* Le Pi oyies Medical , September, 1915, p. 403. 



CHAPTER VII. 

ANTHRAX. 

Anthrax is essentially a disease of cattle known as splenic 
fever, which, occurs in England only sporadically, or in small 
outbreaks, but in some parts of the world assumes serious 
proportions — as in Siberia, where it is termed the Siberian 
plague. In Prance also at one time it ravaged the sheep to 
such an extent as to threaten them with extinction. In Great 
Britain there were 844 animals attacked in 1923, comprising 
772 cattle, 11 horses, 3 sheep and 58 pigs. Man is also occasion- 
ally attacked, thirteen deaths being registered m 1923. 

Anthrax was the first disease to be definitely associated with 
a specific micro -parasite, for Pollender (1849) and Davaine 
(1850) observed glassy homogeneous rods and filaments in the 
blood of infected animals, and the significance of these struc- 
tures was recognised by the latter in 1863, though it was not 
until 1877 that the full life history of the anthrax bacillus was 
elucidated by Koch, who obtained pure cultures of the organism. 

Morphology. — The Bawllus anthrac^s is a large non-motih 
rod measuring 4-5 /u, in length and 1-1*25 /jl m breadth, and the 
ends axe squarish. In the blood and tissues five to ten bacilli, 
rarely more except in swine, are united into filaments measuring 
20-40 jj, in length. In the fresh and unstained condition these 
filaments appear homogeneous., but on staining are seen to be 
segmented (Plate V., a and b). The bacillus stains well and is 
markedly Gram-positive, and in the blood with special staining 
appears encapsuled (see p. 241) (Plate VI., 6). Though a 
sporing organism, spores are never met with m the animal 
body during life or shortly after death . 

Cultural Reactions. — The anthrax bacillus is aerobic and 
facultatively anaerobic, and grows readily on all culture media 
at from 20° to 37° C., the latter being the optimum. Develop- 
ment ceases at temperatures below about 15° and above 45° C. 
Small, cream-coloured, granular colonies develop in a gelatin 
plate in about thirty hours, and in two to three days appear 
as small, roundish, cream-coloured pasty masses m little pits 
in the gelatin, due to liquefaction. Microscopically the 
colonies are somewhat characteristic ; each consists of a mass 
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a . Bacillus anthracis Smear of 
blood of inoculated gumea-i>ig 
Leishman stain / 750 



b, Bactllus anthracis Section of guinea-pig spleen. Gram and 
eosm. X 1100. 
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of wavy, tangled filaments like a tiny wad of cotton- wool. In 
gelatin streak-cultures development is slow, and in four or five 
days a creamy, pasty growth forms in a trough of liquefaction. 
In a gelatin stab-culture (preferably 5 per cent, gelatin) lateral 
branches spread from the central growth, longer in the upper 
layers, shorter below, so that at the end of a week the culture 
is like an inverted fir tree (Fig. 35), and the gelatin becomes 
gradually liquefied from above downwards. The colonies on 
an agar plate develop in twenty 
hours at 37° C. as cream-coloured 
points. The surface colonies 
microscopically consist of little 
masses of wavy, tangled fila- 
ments (Plate VII., a and b) ; 

“ they are not circular but run 
to a point in two or three direc- 
tions, with gracefully curved 
margins 55 (Reichel), and the 
growth is sticky. The young deep 
agar colonies, which Eurich * 
considers most characteristic, 
consist of interlacing knotted 
coils of fine filaments. On an 
agar surface culture at 37° C. 
there is a copious development 
in eighteen hours of a thick, 
cream-coloured, slimy growth, 
which at this early stage has a 
finely granular, ground - glass 
appearance. On blood-serum a 
thick creamy layer forms, with 
slow liquefaction of the medium. 

On potato the organism grows 
freely as a dry greyish layer, 
with an abundant formation of spores. In broth it forms a 
somewhat scanty fiocculent deposit, the broth remaining clear 
and giving the indole reaction. 

Under cultivation the bacilli are arranged in long chains 
which become curved and looped (Plate VII., b ). In old cultures 
various involution forms are met with ; the rods lose their 
regular shape and become swollen, producing the so-called 
torula forms, while the homogeneous appearance of the proto- 



Fig. 35 — Anthrax Gelatin 
stab - culture. Seven clays 
old 


* Journ. Path, and Bad . , xvii., 1912, p. 249. 
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plasm changes and becomes granular. Ultra-violet rays are 
stated by Mme. Henri to produce marked mutations of the 
anthrax bacillus — coccoid and thin Gram-negative filamentous 
forms. 

Spores are formed m all culture media when there has been 
free access of oxygen, as in surface cultures on potato and agar, 
but in a deep broth culture, where the supply is limited, spore- 
formation is scanty. As spores are never met with in the living 
or recently dead animal, it has been supposed that oxygen 
is necessary for spore-formation, but this does not seem to be 
the whole explanation, for spores form in an atmosphere of 
nitrogen, though they do not do so in one of hydrogen. In 
aerobic cultures more than a day or so old, almost every 
segment of a filament will contain a spore. The spores are 
ovoid, measuring about 1-25 /jl by 1 /x, and are centrally placed, 
one in each segment. The life history of the organism and the 
development of spores can be watched m a hanging-drop 
specimen prepared by inoculating a droplet of broth with the 
blood of an infected animal. The preparation may be observed 
on a warm stage, or be placed in the warm incubator and 
examined from time to time. At the end of twenty hours the 
short filaments, which alone are present m the blood, will have 
grown so long that they stretch across the field, while the 
protoplasm has become granular and minute shining points 
axe visible here and there. In another twenty -four hours the 
filaments extend, the protoplasm becomes still more granular, 
and the shining spots are now well-marked ovoid, highly 
xefractile bodies — the mature spores. In old cultures the rods 
and filaments almost disappear, numbers of spores alone 
remaining. These spores, when placed under favourable con- 
ditions of moisture, warmth, and nutriment, again produce 
rods and filaments : at the extremity of the long diameter a 
little bud appears, grows in length and ultimately becomes a 
mature rod, often with the empty spore capsule embracing 
one end. Sporeless varieties of the anthrax bacillus have 
been obtained by cultivating under unfavourable conditions, 
as at a high temperature (44° C.) or in the presence of minute 
quantities of antiseptics (1 : 1,000 carbolic acid). 

The spores are of considerable practical importance, for 
they are highly resistant forms, requiring at least some 
minutes’ boiling and three hours in dry air at 140° C. for their 
destruction, whereas the bacilli without spores are destroyed 
in ten minutes in the moist condition by a temperature of 
54° C. The same resistance occurs towards various germicidal 




a Anthrax Section of kidney 
through glomerulus Gram and 
eosm X 500. 



b Bacillus anthracis. Smear of blood shoeing capsules around the 
bacilli. McFadyean’s method. X ioOQ. 
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substances. While 1 per cent, carbolic acid solution quickly 
destroys bacilli without spores, the spores resist 5 per cent, 
carbolic for days, and at least 5 per cent, solutions of high- 
coefficient phenoloid disinfectants, acting for not less than 
twenty-four hours at 20° C., are required to kill the spores. 
The resistance of the spores is stated to increase with their age, 
but the author has not found this to be the case. Formalin 
and a formalin-containing disinfectant, “ Bacterol,” seem to 
have a selective action on anthrax spores and are efficient 
disinfecting agents for them. Beichel and Gegenbauer recom- 
mend for the purpose a mixture of 10 per cent, salt and 1 per 
cent, hydrochloric acid at 30° C., acting for twenty -four hours. 
Anthrax spores may retain their vitality unimpaired for yeans 
in a dried condition. 

Certain anthrax-like bacilli have been described and have to 
be distinguished from B. anthracis , e.g , B. pseudo-ant hracis , B. 
anthracoides , B . anthracis similis . These are non-pathogenic 
and are haemolytic for rabbit, sheep, horse, and ox corpuscles, 
while the B. anthracis is non-haemolytic * These forms have 
no capsule in the animal, nor when cultivated in an inactivated 
serum, but anthrax has a capsule in such circumstances. 

Pathogenicity. — The anthrax bacillus is pathogenic for man. 
cattle, sheep, goats, rabbits, guinea-pigs, and mice. The 
horse and the pig are also susceptible , but adult white rats 
are partially,*}* and dogs, cats, and Algerian sheep are said 
to be completely, immune. The chief Veterinary Officer 
states, however, that a dog and a cat died of anthrax in 
1914. Inoculated anthrax is rarely fatal to cattle m India 
(Holmes). 

Young white rats, or rats fatigued by muscular work, can 
be infected, and frogs and fish, though immune under ordinary 
conditions, can be rendered susceptible by raising the tempera- 
ture of their environment. Birds, such as fowls and pigeons, 
are also almost insusceptible, but may be rendered susceptible 
by lowering their temperature ; smaller birds, such as sparrows, 
are more susceptible. The virulence varies considerably and 
may be artificially modified : by passing through a series of 
susceptible animals it is heightened, by growing in the body 
of an insusceptible animal it is lowered, and the latter result 
is also obtained by cultivating for two or three weeks at a 
temperature of 42° to 45° C., or by the addition of certain 

* Jarmai, Cent7.f . Baht., Abt. I. (Ong.), Ixx., 1913, p 72. 

f Hall, Centr. /. Baht., Abt. I. (Orig.), Ixvi., 1912, p. 293. 
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chemical substances to the culture medium — for example, 0*01 
per cent, of potassium bichromate. These methods of attenua- 
tion/ 5 as it is termed, are practically applied in the preparation 
of the anthrax vaccine. 

Symptoms of the disease m cattle are not very marked. A 
beast may appear a little out of sorts and the next day be found 
dead, or after suffering for a day or two with general malaise, 
fever, and rigors, and with a sanguineous discharge from the 
nostrils and bowel, it dies suddenly. Post-mortem . , the chief 
feature that attracts attention is enlargement of the spleen ; 
the organ may be two or three times larger than normal, is 
highly congested, and very soft and friable. Microscopically, 
the bacillus is found in enormous numbers in the spleen, some- 
what less numerously in the blood, and still less so in the liver, 
kidney and other organs. 

Swine do not often suffer from this disease unless fed with 
the offal of an infected animal, in which case the chief clinical 
sign is great enlargement about the throat ; this is almost 
pathognomonic, while the chains of bacilli tend to be somewhat 
longer than in other animals. 

Mice inoculated subcutaneously usually die in about twenty- 
four hours, and enlargement and congestion of the spleen are 
very noticeable. An infected guinea-pig generally dies in 
about thirty-six hours and usually shows no symptoms until 
the last, when it may suffer from rigors, with high temperature, 
convulsions, and staring coat. Post-mortem , the muscular 
tissue is found to be pale and oedematous, the spleen is enlarged 
to two or three times its normal size and is highly congested 
and very soft, and minute haemorrhages may occur in the 
serous membranes. Microscopically, bacilli are found through- 
out the spleen, and are extremely numerous. Large numbers 
are also present in the blood and lungs, fewer in the liver and 
kidney ; in the latter organ they are almost confined to the 
glomeruli (Plate VI., a). Immediately after death, however, 
comparatively few bacilli may be met with in the blood, the 
heart, and great vessels. 

The spread of the disease in nature is stated to result from the 
ingestion of spores while the animals are feeding. The spores 
may be derived from the organisms present in the bloody dis- 
charges of a stricken animal, and are distributed by wind and 
flood, and in this way may infect pasture more or less 
permanently, so that animals cannot be grazed without risk 
of contracting the disease. Crows and foxes may also serve 
to spread the disease by feeding on infected material and dis- 
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seminating the spores by the excreta.* Pasteur suggested 
that earthworms might bring the spores to the surface in 
their casts from the buried carcases of infected animals, but 
some experiments by Koch negatived this. The non-sporing 
bacilli rapidly degenerate and die in a buried carcase. 

Man seems to be relatively insusceptible to anthrax. The 
disease is generally met with among butchers, veterinary 
surgeons, shepherds, etc., and among those who sort wool or 
hair or work with, or carry, hides, e.g ., glove-makers, tanners, 
porters, etc. Many cases in which infection was derived from 
cheap shaving brushes have been reported. The infected 
brushes seem to have been mainly of Japanese origin, and an 
order prohibiting their importation was issued in February, 
1920. The disease occurs in two forms : the so-called <c malig- 
nant pustule/ 3 a cutaneous infection, not unlike an angry 
carbuncle, occurring at the seat of inoculation, on exposed 
parts of the body, such as the back of the neck, the face, wrists, 
and hands ; and ££ wool-sorters 3 disease/ 3 a general infection, 
severe and fortunately rare, through the lungs or stomach. A 
cerebro-spinal meningitis, simulating cerebro-spinal fever, 
may occur, but is very rare. Fag-sorters are likewise some- 
times attacked by anthrax, but there is also a distinct rag- 
sorters’ disease ” winch is stated to be due to a non-motile, 
non-sporing, non-liquefying, capsulated bacillus, the Proteus 
cajpsulatus hommis t of Bordoni IJffreduzzi. 

The channels of infection in anthrax have been the subject 
of much research of late, since Besredka showed i that for 
infection to take place m guinea-pigs it is necessary for the 
skin to be infected. In all ordinary inoculations this, of course, 
happens, but if means be taken to avoid skin infection, intra- 
peritoneal and other inoculations may be performed with 
impunity. Besredka has further adduced evidence that 
general immunity to anthrax can he produced only as a result 
of a skin infection. Besredka’s results have been confirmed 
by Plotz (for rabbits) and others, and in part by Panton and 
Benians for rabbits.§ On the other hand, Gratia maintains 

* Mollet, Gentr. /. Baht , Abt I. (Orig.), Ixx , 1913, p. 19. 

f Capsulated bacilli have been met with m many septic processes. This 
group includes Friedlander's pneu mo -bacillus, P, cajpsulatus Aomin is, 
B mucosus cajpsulatus of Fricke, and the B. coli immobilis. They are met 
with m conditions with sepsis, pus production, broncho -pneumonia, ulcerating 
stomatitis, etc. They are shortish, non-motile, non-sporing rods, usually 
Gram-negative, easily cultivated and not liquefying gelatin, and m the 
tissues surrounded with a capsule. 

x Ann de VInst . Pasteur, vol. xxxv.^ 1921, p. 4=21. 

§ Brit . Journ. Exjper. Pathol vol. vi., 1925, p. 146. 
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that infectivity to anthrax is not exclusively reserved for the 
skin, and has also suggested that two strains of anthrax exist, 
one infective only by the skin, the other virulent by blood 
inoculation. 

Sanarelli * finds that administration by the mouth of large 
quantities of anthrax bacilli or spores to laboratory animals 
is entirely inoffensive ; anthrax blood may even be injected 
per anum without harm. Considerable numbers of spores (up 
to 50,000) may be introduced into the lungs of rabbits without 
harm, but if the dose be larger (100,000), phagocytosis is 
insufficient and a fatal septicaemia ensues. But spores intro- 
duced may lie latent in various tissues and organs, and be 
released and produce fatal results if the foci are disturbed by 
various agencies — chemical, thermal, nutritional, etc. Thus 
the rabbit which survives a small inoculation of spores into 
the lungs may succumb if kept on a very dry diet. 

Under the Factories and Workshops Act, 1895, all cases of 
anthrax contracted in connection with various industries have 
now to be reported to the Home Office. 

The number of cases seems to be diminishing, for while there 
were 101 cases in 1913, during the last three years the numbers 
were . — 


Trades. 

1922 

1923 

1924 

Wool . 

19* 

14 l 

19 1 

Horsehair 

9 1 

<J2 

4* 

Hides and skins . 

LO* 

22 1 

id 2 

Other . 

1 

l l 

4 

Totals 

. 45 5 

46 5 

43 1 


(The attached small figures indicate the deaths.) 

Industrial anthrax has been exhaustively discussed by 
Legge.*)" It is particularly Persian wool, Chinese hides and 
Russian hair which are dangerous, while Argentine, Australian, 
and New Zealand wools are almost innocuous. The sorting 
and exclusion of wool derived from infected animals seem to 
be impracticable, and the efficient sterilisation of the thousands 
of bales that are imported is a difficult problem. As regards 
hides and skins, Legge points out that it is doubtful if there 
is any way in which hides to be afterwards tanned can be 
effectively disinfected, and to be of real benefit it would have 
to he done before tbe material is opened in the warehouse ; 

* Ann de VInst. Pasteur , vol. xxxix., 1925, j>. 200. 
t Brit . Med . Journ 1905, vol. i., pp. 529, 599, and 041. 
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but to secure tins would be impossible. A method introduced 
by Seymour Jones has been favourably reported on * ; it 
consists in soaking the skins for twenty-four hours in a mixture 
consisting of 1 per cent, formic acid and 1 in 5,000 mercuric 
chloride. After this treatment the skins are soaked in a strong 
brine solution. The author, however, found that for horsehair 
the solution, to be efficient, must be two or three times stronger 
than this. As regards horsehair, it would seem that, leaving 
out of consideration white or grey hair, which is liable to 
change colour, no injurious effect is produced by steam dis- 
infection provided the temperature does not exceed 218° F. ; 
but this is a comparatively low temperature for efficient dis- 
infection, and success can then be attained only with minute 
care in the construction and regulation of the apparatus. 
Legge concludes that to secure certain destruction of all 
anthrax spores in horsehair absolute reliance cannot be placed 
on either steam disinfection (within the limits in which it can 
be applied) or simple boiling. Adoption of one or the other is 
a very material safeguard, but risk must always be run by 
those who prepare the hair for disinfection. Disinfection has 
been attempted by subjecting the material to the action of 
certain phenoloid disinfectants, but, from experiments by Hall 
and the author, a modified Seymour- Jones method or formalin 
or bacterol seem to be the only efficient ones.f 

Steam disinfection at 215°— 230° F. can be applied to wool, 
but the fibres are materially damaged by the process. 

A Government wool disinfecting station has been estab- 
lished at Liverpool. The process consists essentially in treating 
the wool (1) with hot alkaline soap solution, (2) passing through 
rollers, (3) a second treatment with the soap solution, (4) again 
passing through rollers, (5) warm 5 per cent, formalin for half 
an hour, (6) washing, and drying m a hot-air chamber. The 
New York State Board of Health prescribes sterilisation of 
hair for shaving brushes by three hours’ boiling m water or 
three hours’ autoclaving at 10 lb. pressure. 

Cases of anthrax, resulting in many deaths, have been 
reported in the United States from tanneries dealing with 
hides imported from China, and a number of cattle have been 
infected by drinking water from rivers and creeks receiving 
the waste liquors from these works. 

* Ponder, Report to the Worshipful Company of Leather sellers, 1911. 

t In disinfection experiments with anthrax, agar should be used for the 
subcultures, broth for some unexplained reason being inefficient. &ee 
Hewlett and Hall, Journ. of Hygiene, xi., 1911, p. 473. 



240 A MANUAL OF BACTERIOLOGY 

Houston. * detected the anthrax bacillus in a catch- pit in a 
hide factory at Yeovil, and in sewage and effluents and in the 
mud of the Yeo. It has also been met with in linseed cake and 
oats. 

Toxins. — The Bacillus anthracis forms little or no toxin 
under cultivation. Various tox-albumins, proteoses and 
alkaloidal bodies are stated by Hankin, Brieger and Frankel, 
and Sidney Martin to be obtainable from cultivation in a 
particular culture medium, such as alkali albumin. 

Anti-serum. — An anti-serum for anthrax was prepared by 
Marchoux by immunising sheep by vaccination and then 
inoculating with progressively increasing doses of virulent 
anthrax cultures. Sclavo’s anti-serum is prepared by first 
i mm unising asses with a vaccine and then inoculating them 
with increasing doses of virulent cultures over a prolonged 
period. This serum is now used in the treatment of anthrax 
m man, and should always be employed, 60—80 c.c. being 
injected intravenously. Salvarsan also seems to be an efficient 
drug for the treatment of anthrax. As already mentioned 
(p. 216), B. pyocyaneus, and pyocyanase obtained therefrom, 
are antagonistic to anthrax infection. Louis and Fortineau f 
state that they have treated fifty cases of anthrax infection 
in man by injections of 10—20 c.c. of sterilised broth cultures 
of B. pyocyaneus with a mortality of 10 per cent. 

Vaccine. — An attenuated virus has been extensively em 
ployed for the prophylactic vaccination of cattle and sheep. 
Cultures are attenuated by growing at 42°— 43° C. (Pasteur, 
Chamberland, and Boux). A weak vaccine is first injected, 
followed after ten to twelve days by an injection of a stronger 
vaccine. The mortality as a result of the vaccination is small, 
and the animals are subsequently protected for some months 
against the virulent disease. Sobernheim has applied a com- 
bined method, 5-15 c.c. of anti-anthrax serum being inoculated 
on one side of the animal, and the vaccine on the other. This 
practically eliminates all danger from the vaccine. 

Clinical Examination. 

(1) In Veterinary Practice * — If an animal is suspected to have 
died from splenic fever, an extensive post-mortem is inadvisable 
because of the risk of dissemination of infective material. The 
abdomen should be opened and the spleen examined. If this is 


* Second Bep. Commis . on Sewage Disposal , 1902, p. 31. 
t Comp. Bend. Acad. Sc., vol. 158, No. 14, 1914, p. 1035, 
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found to be much, enlarged, and so soft that it can hardly be handled 
without rupture, there is a high probability of splenic fever, which 
the history of sudden death, with or without symptoms, coupled 
with a sanguineous discharge, increases. To confirm the diagnosis, 
some smear preparations should be made from the spleen and 
blood, which can be stained and examined in the laboratory. If 
slides or cover-glasses are not available, the ear or a small piece 
of the spleen may be removed and taken to the laboratory for 
examination. When material is sent from a distance for examina- 
tion the ear should be forwarded. 

The smears may be stained with Loffler’s blue and by dram’s 
method with eosin. Methylene-blue staining gives the most 
characteristic appearances, according to McFadyean. A smear 
preparation is made, not too thin, is air-dried, and then fixed by 
passing once through the Bunsen flame. The film is stained in a 
1 per cent, aqueous solution of methylene -blue for ten minutes 
and then lightly rinsed and dried. The anthrax bacilli appear 
as blue rods surrounded by a pale violet capsule (Plate VI., b). If 
the post-mortem has been made shortly after death no spores are 
visible. Unless the material be quite fresh large saprophytic bacteria 
somewhat resembling anthrax are always present and must not 
be mistaken for that organism ; by the McFadyean method of 
staining these saprophytes do not show the violet capsule. If a 
hangmg-drop preparation can be made early enough, anthrax 
bacilli are non -mo tile, while many saprophytes resembling them 
are motile. 

The stained preparations can be kept and produced in a court of 
law if necessary. Cultivations can also be made from the spleen, 
but the necessary culture media are not of course usually forth- 
coming. Finally, a guinea-pig or mouse may be inoculated sub- 
cutaneously in the abdomen with a particle of the spleen, and 
after death examined microscopically and by culture methods. 

As regards the disposal of the carcase of an animal dead from 
anthrax, this should be burned if possible, but, failing this, it 
may be buried in a deep pit, preferably with plenty of lime. All 
traces of blood and discharge must be carefully mopped up with 
a strong lime-wash or solution of chloride of hme, or other reliable 
disinfectant. 

(2) In Man . — In malignant pustule, smear specimens should be 
prepared from the fluid of the vesicles or with the scrapings from 
the incised pustule, or sections of the excised pustule may be made, 
and stained, some with LofEer’s blue, others by G-ram’s method 
with eosin. The bacilli are not often met with in the blood, 
except shortly before, or after, death. At the same time cultiva- 
tions on agar and gelatin should be prepared, and may yield 
IDOsitive results when the microscopical examination has been 
m.b'. 16 
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negative. In the later stages of the disease tlie bacilli may be 
difficult to find, even in sections. 

In all cases of doubt a guinea-pig or mouse should be inoculated 
subcutaneously with the material, and if the animal dies the 
diagnosis of anthrax may be confirmed by the characteristic 
appearance, by a microscopical examination, and by cultivation. 
The animal experiment is by far the most certain method of 
diagnosis, a negative result being nearly as valuable as a positive 
one. 

N.B . — Both cultivation and inoculation experiments may fail 
to give positive results if the material be old or putrid. 

(3) In Wool, Hair , etc . — Eurieh {Joe. cit.) recommends a suitable 
quantity of the material to be placed in a flask with 50 c.c. to 
100 c.c. of boiled water to which 3-5 c.c. of 5 per cent, solution of 
caustic potash are added. If much blood-stained, tlie mixture is 
allowed to stand at 37° C. for several hours. It is then poured 
into a flat dish, and the wool or hair is well teased. The mixture is 
then heated to 80° C. for two to three minutes. Tubes of melted 
agar (6-9 c.c.) at 80° C. are then inoculated with J c.c. of the wash 
and poured into Petri dishes (4-inch). The characteristic deep- 
lying colonies (p. 233) should then be searched for alter twenty 
hours’ incubation. Animals may be also inoculated 



CHAPTER VIII. 

DIPHTHERIA.* 

HISTORY OF DIPHTHERIA — THE DIPHTHERIA BACILLUS — 
THE PSEUDO-DIPHTHERIA BACILLUS — CLINICAL DIAG- 
NOSIS — THE XEROSIS BACILLUS — DIPHTHERITIC 
AFFECTIONS OF BIRDS AND ANIMALS. 

Diphtheria seems to have been known from the earliest 
ages, being recognised by the classical (medical) writers, and 
it was epidemic in England and on the Continent during the 
Middle Ages. Bretonneau experienced an outbreak at Tours, 
1818—1821, and gave to the disease the name Diphterite ” 
(afterwards changed to “ Diphterie ”) from the formation of 
membranes which is so marked a feature of it. The majority 
of cases of so-called membranous croup are cases of diphtheria. 

The bacteriological study of diphtheria was commenced by 
Klebs and Loffler m 1882. Klebs especially investigated the 
pathological histology, and ascribed the disease to small rod- 
shaped organisms, which he observed in the membrane, and 
Loffler isolated and cultivated this bacillus from the membrane. 
This he did by means of a special serum medium, since known 
as Loffler’s blood-serum (p. 55). Loffler also reproduced 
certain phases of the disease by means of the cultivated 
organism. The causative organism of diphtheria, the diph- 
theria bacillus, is therefore frequently known as the Klebs - 
Loffler bacillus. 

Diphtheria-like bacilli, so-called 4 4 diphtheroid organisms,’ : 
are of wide occurrence, and must not be mistaken for the 
Klebs-Loffler bacillus (see p. 260) 

Characters of the Diphtheria Bacillus. 

Morphology. — The B. [ Corynebacteriuni ] dij)htherice is a 
small, delicate bacillus, with rounded ends, frequently slightly 
curved, and ordinarily measuring 3 jjl or 4 p, in length. It is 
non-mo tile and does not form spores. The size of different 
strains varies somewhat even on the same medium, and three 

* See Diphtheria, Medical Research Council, 1923. 

16—3 
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varieties of the bacillus have been described, viz , long, medium, 
and short, according to the length. These varieties tend to be 
constant and to breed true. Some of the rods both in cultures 
and in the membrane have a swollen end, the so-called club- 
bing, and parallel grouping, both in the membrane and in 
cultures, is almost universal, the bacilli lying parallel side by 
side (Plate VIII., a). This parallel arrangement arises from the 
peculiar mode of division of the bacillus. If a cell be observed 
upon a warm stage it first elongates, then becomes constricted 
at about its middle, and then suddenly one side of the cell- 
membrane seems to rupture and one half of the cell bends over 
to the other, so that the two halves form a V. This mode of 
division, occurring in adjacent cells and being repeated, and 
the cells thus becoming more and more crowded together, leads 
to the arrangement in parallel series. The bacilli are generally 
joined end to end in pairs, and distinct thread and branching 
forms, though of rare occurrence, may be met with On 
different media the same strain exhibits considerable variation 
m size. On blood-serum and on gelatin the bacilli are of 
medium length and on the whole fairly regular m shape ; m 
broth they tend to be short and stunted ; while on agar, 
especially glycerin agar, they are much larger than on the 
former media, and long club-shaped, spindle-shaped and barred 
or segmented involution forms are abundant ; on blood-serum 
club-shaped involution forms also occur, but sparsely ' in a 
young, eighteen to twenty hours 5 culture, in a forty-eight hours 5 
culture more numerously. Slight variations in the composition, 
reaction, and even moistness of the culture medium may cause 
variations in size and form of the bacilli. 

Westbrook * divided all forms of the diphtheria bacillus into 
three groups, distinguished by their staining reactions with 
methylene blue. Those with deeply staining granules he calls 
<£ granular forms f those with transverse bands <c barred forms f 
and those staining evenly £< solid forms Each group is further 
divided into seven types according to shape and size, the types 
being designated by the letters A to G and being progressively 
smaller from A to G. 

Staining Reactions. — The B. diphtherias stains well with the 
ordinary anilin dyes and is Gram-positive. With Lo flier’s 
methylene blue the coloration is usually somewhat irregular, 
more deeply stained portions alternating with paler intervals, 
the so-called segmentation, and especially marked with agar 

* Hep. Minnesota State Board of Health, 1899 - 1000 . 
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cultures. The ends of the organisms are also frequently deeply 
stained, the so-called polar staining, while the phenomenon 
known as “ metachromatism 55 is often present, consisting of 
purple-tinted granules contrasting with the general blue tint 
of the rest of the rod. With Neisser’s stain (p. 265) deep inky - 
coloured dots, appearing somewhat larger in diameter than the 
rod, occur at the poles of the organism and occasionally at the 
centre (Plate VIII., b ). 

Cultural Reactions. — The diphtheria bacillus is an aerobic 
and facultatively anaerobic organism, and grows well on all 
the ordinary culture media, forming cream-coloured growths 
or colonies, the latter on serum tending to be somewhat flat- 
tened, with regular margins. Coagulated blood-serum is 
commonly employed for the cultivation of the organism from 
the throat or membrane. It grows slowly on gelatin, forming 
a raised whitish growth without liquefaction of the medium, 
and flourishes in milk, with the production usually of an acid 
reaction, but without curdling. In broth most strains give a 
granular growth on the sides and at the bottom of the tube, 
the broth remaining clear, sometimes with a thin surface 
pellicle ; occasionally the broth becomes turbid throughout. 
On potato the growth is slight and invisible. 

An indole reaction can be obtained in peptone- water 
cultures with acid and nitrite, but the author showed that this 
reaction is due, not to indole, but to a substance then known 
as skatole-carboxylic acid,* since identified as indole-acetic 
acid. This has been confirmed by Prieber.f No reaction is 
given with the Ehrlich reagent 

The fermentation reactions of the diphtheria bacillus, both 
virulent and avirulent, are remarkably constant. It ferments, 
with acid production only, glucose, maltose, galactose, glycerol 
and dextrin. It does not ferment lactose (unheated), sucrose, 
mannitol, dulcitol and salicin (see also p. 263). The ordinary 
lactose medium sterilised by heat may show acidity (Barratt), 

The B diphtherias, is distinguished from all other diphtheroids 
by giving acid in glucose and dextrin but not in saccharose 
(Hine). 

Hsemolysin is formed by the diphtheria bacillus, and is 
present in the bacterial cell, filtrates of cultures being non- 
hsemolytic. 

The B. diphtherias is agglutinated by the serum of patients 
and by a diphtheria serum, but the test is difficult to apply on 

* Trans . Path. S>oc. Lond vol. li., 1900, p 187 ; voL lii.* 1901, p 113. 

t Centr.f. Baht., 1 Abt., 87, 1921, p. 254. 
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account of the coherence of the growth, is somewhat erratic 
with different strains, and is of little practical value in the 
diagnosis of the disease. For the same reasons, the agglutina- 
tion reaction is of little use for the recognition of the organism 
and for distinguishing it from other diphtheroid bacilli. 
Havens found that by agglutination diphtheria bacilli can be 
divided into two groups, but the two groups exhibit no 
differences as regards morphology and pathogenicity. 

Eagleton and Baxter * have distinguished no less than four- 
teen serological races. Complement fixation similarly does 
not distinguish the many diphtheroid organisms from one 
another. 

The Klebs-Loffler bacillus retains its vitality in cultures for 
a month, and when dried for three or four weeks. According 
to Welch and Abbot, it is destroyed in ten minutes by a 
temperature of 58° C. It is readily destroyed by antiseptics 
when m culture, but in the membrane it is difficult to find an 
agent which will penetrate and kill the bacilli beneath the 
surface. 

The clinical diagnosis of diphtheria presents many difficulties, 
and considerable assistance may be derived from a bacterio- 
logical examination. The diagnosis is based on the presence 
or absence of the Klebs-Loffler bacillus, either in smears or in 
cultivations made from the membrane or secretion (see p. 264-). 
This method is valuable m atypical, and especially m mild, 
cases, which clinically it may be very difficult to decide 
whether they be diphtheritic or no. The mild cases are those 
which it is of the greatest importance to identify, especially 
in schools, for if not recognised the patients may go about and 
prove a source of infection to all around. The method also 
affords valuable evidence as to when a case can be considered 
free from infection ; so long as bacilli are present in the throat, 
infection must be possible, and the length of time for which 
they may occasionally persist is remarkable. In 20 per cent, 
of the cases the bacilli disappear within a few days of the dis- 
appearance of the membrane. Graham Smith found that in a 
series of 9,000 cases, 30 per cent, were free from diphtheria 
bacilli in three weeks, 20 per cent, in four weeks, 16 per cent, 
in five weeks, 11 per cent, in seven weeks, and in 1 per cent, 
bacilli were present for fifteen weeks ; occasionally they 
persist longer. The author isolated them for so long as five 
months (and virulent to the last) ; and a case is recorded in 


* Journ. of Hygiene, vol. xxu., 1923, p. 107. 
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which, they persisted for no less than fifteen months after the 
attack. Three examinations should he made at short intervals 
with negative results before the bacilli can be pronounced to 
be absent, and no case should be discharged from hospital 
until bacilli disappear, or the bacilli present have been proved 
by inoculation to be non- virulent. When bacilli persist, treat- 
ment with antiseptic sprays or gargles, combined with irriga- 
tion of the nose, may be tried, though usually it fails. Irriga- 
tion of the nose is important, for the bacilli probably extend 
to the post-nasal space, where they are untouched by a throat 
spray or gargle. Other modes of treatment have also been 
adopted. A polyvalent anti-mi crobic agglutinating diphtheria 
serum has been prepared, dried, and compressed into tablets, 
one of which is dissolved in the mouth every two hours, and 
fifteen minutes after solution the naso-pharynx is flushed with 
physiological salt solution. While this treatment sometimes 
succeeds, it often fails. Kaolin, spraying with cultures of M. 
pyogenes , var. aureus , and vaccines of the diphtheria bacillus 
have been used. The author has tried the use of subcutaneous 
inoculations of diphtheria endotoxin (2*5, 5*0, and 7*5 mgrm.) 
at intervals of seven to ten days. Of forty-four cases treated 
in this way, thirty-four cases (77 per cent.) cleared up after 
the second or third dose. 

With regard to the value to be attached to the bacteriological 
examination for diphtheria, while the finding of the bacillus 
is proof of the diphtheritic and infective nature of the affection, 
their apparent absence is not of so much value, as various 
circumstances may prevent the bacillus, though present, being 
found. Thus, the swab may not touch the infected portion of 
the mucous membrane, either from inexperience of the 
operator or from struggling on the part of the patient. The 
use of antiseptic gargles or paints shortly before the swabbing 
is taken may likewise prevent the growth of the bacilli. It 
sometimes happens that a very mixed growth is obtained in 
the cultures, and in such cases the Klebs-Lofffer bacillus 
may be missed. Bearing such sources of fallacy in mind, 
and making due allowances for them, the negative result of 
a bacteriological examination may have considerable value in 
those cases which clinically are doubtful. In no case where 
there is a reasonable suspicion of diphtheria should treatment with 
antitoxin be delayed until the bacteriological report is obtained . 

Occasionally even the expert may be in doubt about a 
particular bacillus, but such cases are the exception. It is 
essential in the microscopical examination for diphtheria to 
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use a good lens, proper illumination and sufficient amplification, 
not less than 800-1,000 diameters. 

The diphtheria bacillus is frequently associated in the throat 
with other organisms, especially micrococci and torulae ; and 
those cases in which the temperature tends to be high and the 
throat fetid are usually a mixed infection of diphtheria bacilli 
with streptococci or with Micrococcus pyogenes , var. aureus . 
The fact of such mixed infection cannot, however, be definitely 
decided from the cultures, as these organisms may be present 
in the mouth or throat without necessarily taking part m the 
infective process. Nor can the severity of the disease be 
gauged from the characters or numbers of the diphtheria 
bacilli and other organisms present, though perhaps in a series 
of cases those which yield practically pure cultures will 
probably be more severe than those which yield cultures with 
few bacilli. It has been stated that the long form of the 
diphtheria bacillus is the most, and the short form the least, 
virulent, the medium being intermediate in virulence, but this 
is by no means a universal rule. The bacilli cultivated from 
different parts of the throat may possess different degrees of 
virulence. 

Diphtheria bacilli can occasionally be isolated from well 
people and those not known to have been in contact with 
diphtheria cases. The incidence varies in different popu- 
lations ; in Detroit City, U S.A., about 1 per cent, of the well 
people was found to be infected among 4,093 examined. 
Murray and the author * found diphtheria-like bacilli in fifty- 
eight out of 385 children (15 per cent.) admitted into the 
Victoria Hospital, Chelsea. Among immediate contacts the 
percentage who are carriers is greater — 36—37 per cent. 

Pathogenicity. — The diphtheria bacillus is pathogenic for 
man, the horse, ox, rabbit, guinea-pig, dog, chicken, pigeon, 
and finches, all of which are more or less susceptible, while cats, 
mice and rats are immune. In man the respiratory tract is 
usually affected, though the conjunctiva and other mucous 
membranes, as of the vagina and stomach, and wounds, may 
be attacked. A pseudo-membrane usually forms, consisting 
of laminae of fibrin entangling a few leucocytes and other cells, 
and here and there small effusions of blood, together with 
coagulative necrosis of the underlying mucous membrane, and 
the bacilli are for the most part located in the superficial layers 
of this pseudo-membrane (Plate IX., a ), though in all cases in 

* Brit . Med Journ ., 1901, vol. i., p 1474. See also Graham-Smith, Journ . 
of Hygiene , vol. iii., 1903, p. 216. 
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which tlie disease has lasted for any time they are found in the 
lungs, spleen, and kidneys, and may occur even in the blood. 
If the patient recovers from the diphtheritic attack, paralytic 
sequelae are not uncommon and are due to a peripheral neuritis. 
Pseudo-membranes may be formed by other organisms, e.g 
by the streptococcus and pneumococcus, also by the pneumo- 
bacillus, and occur in Vincent’s angina (p. 267), but it is doubt- 
ful whether paralytic sequelae follow any hut a diphtheritic 
infection. They are certainly excessively rare in non-diph- 
theritic infections. 

Local skin infections of an eczematous or ecthymatous 
nature, without general symptoms, are sometimes caused by 
the diphtheria bacillus. 

Another infection which seems to be generally diphtheritic 
is membranous rhinitis. Whereas true nasal diphtheria is a 
serious condition, membranous rhinitis is seldom, if ever, 
attended with any risk to life, sequelae do not occur, and it is 
rare to obtain a history of infection from cases of it. This is 
remarkable and difficult to explain, for virulent diphtheria 
bacilli are abundant in the nose and nasal secretion. 

Guinea-pigs of about 250 grm. weight are the animals gene- 
rally employed for experimental work on diphtheroid organisms. 
Virulence and toxin production are not necessarily inter- 
dependent. Thus Arkwright found that with two strains of 
diphtheria bacilli, Park No. 8 and No. 13, the minimal lethal 
doses of washed bacilli and of toxin were for No 8 about 2,000 
million and 0-0075 c.c. ; for No. 13, 1*5 million and 0-05 c.c., 
respectively. From 0*1 c.c. to 2c. c. of a forty- eight -hour broth 
culture, according to the virulence, inoculated subcutaneously, 
is usually required to kill a 250-grm. guinea-pig within three 
days. At the site of inoculation haemorrhagic oedema forms, 
haemorrhages occur in the serous membranes, and especially 
in the adrenals, while the renal epithelium and the liver-cells 
undergo cloudy degeneration. (For virulence test, see p. 266.) 

Inoculated into the trachea of the guinea-pig, rabbit, and 
chicken, pseudo-membranes form, and the same occurs with 
the superficially injured conjunctiva and vagina. Pabbits 
usually live somewhat longer than the guinea-pig after 
inoculation, and paralysis frequently develops if life is pro- 
longed, analagous to the post- diphtheritic paralysis of man. 
It has been alleged that the diphtheria bacillus does not 
develop on a normal mucous membrane — this must first be 
injured, and the staphylococcus and streptococcus, so often 
associated with the diphtheria bacillus in the human subject. 
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may play a part in preparing the way for infection by damaging 
the cells and tissues. 

The question of the occurrence of the Klebs-Loffler bacillus 
in the lower animals is of considerable importance with regard 
to the spread of the disease and the conveyance of infection. 
The so-called diphtheritic affections of pigeons, poultry, and 
calves (referred to more in detail at p. 269) are as a rule diseases 
quite distinct from human diphtheria, and are not com- 
municable to man. It has been asserted that cats may suffer 
from the disease and transmit it to man. Savage,* however, 
obtained no evidence of this, and found that cats are insus- 
ceptible to diphtheria. The diphtheria bacillus has been 
isolated from the horse by Cobbett. 

Several epidemics of diphtheria have been traced to an 
infected milk supply, and Klein, Eyre, Dean and Todd, and 
Marshall f have isolated the diphtheria bacillus from milk. 
In some instances the infection has undoubtedly been derived 
from contamination from a human source, e.g in an outbreak 
in Lambeth, Priestley traced the infection to a particular dairy 
in which a dairyman with an ulcerated thumb was employed 
and the ulcer was infected with virulent diphtheria bacilli ; in 
others the source of infection has not been demonstrated, but 
there is always the possibility of an employee being a carrier. 

In the instance where Dean and Todd isolated the bacillus 
from milk, it was found that some of the cows were suffering 
from an eruptive disease of the udder and teats, though other- 
wise in good health, and from the lesions virulent diphtheria 
bacilli were isolated. The cow may, therefore, suffer from 
diphtheritic infection, though this is probably exceptional. 

It is to be noted that diphtheria-like, but non-pathogenic , 
bacilli are often to be found in milk and cheese (see section on 
ec Milk ”), and also in the lower animals, e.g., in the throats of 
cats (Savage), and of fowls and pigeons (Hewlett). 

Toxins. — Diphtheria toxin has not been obtained in a state 
of purity and its exact chemical nature is unknown. Loffler 
by precipitating broth cultures with alcohol obtained a white 
toxic substance which he classed among the enzymes. 

Roux and Yersin found that the toxin was precipitated from 
filtered broth cultures by absolute alcohol, and also by satura- 
tion with calcium chloride. They considered the toxin to be 
an enzyme. 

From the blood and spleen of cases of diphtheria Sidney 

* Journ . of Hygiene, vol. xviii., 1920, p. 448. 
t Ibid., vol. vii., 1907, p. 32 (Refs.). 



DIPHTHERIA TOXIN 


251 


Martin isolated albmnoses (chiefly deutero-albumose) and an 
organic acid, but no basic body. Injected subcutaneously the 
albumose produces oedema and irregularity of temperature ; 
in larger doses depression of temperature with paralysis and 
coma. Small multiple sub-lethal doses may grve rise to some 
fever, followed by paralysis of the hind legs in rabbits, with 
weakness and loss of weight. Post-mortem , the heart is fatty 
and the nerves have undergone degeneration. The organic 
acid is also a nerve poison, but is not so toxic as the albumose. 
From diphtheritic membrane, extracted with a 10 per cent, 
salt solution, only traces of albumose and organic acid were 
obtained, but the extract was highly toxic, producing fever 
and paralysis. Sidney Martin suggested that a substance of 
the nature of a ferment may be present in the membrane, and 
on absorption may- form the albumose From cultures of the 
diphtheria bacillus in alkali-albumin, albumose and organic 
acid, with similar actions to those isolated from the body, were 
obtained. 

Brieger and Frankel (1890) were unable to find any basic 
substance in cultures, and concluded that the toxic substance 
is a protein body, which they designated a c ' tox-albumin.” 
It is destroyed by a temperature of 60° C. but not by one of 
50° C , even m the presence of an excess of hydrochloric acid, 
and hence is probably not an enzyme. The tox-albumm is 
non-dialysable, is precipitated by saturation with ammonium 
sulphate but not with magnesium sulphate, and hence is 
neither a peptone nor a glob aim, contains a large amount of 
sulphur, and gives the biuret and Millon’s tests. Brieger and 
Boer prepared the diphtheria tox-albumm by precipitating a 
broth culture with a 1 per cent, solution of zinc sulphate or 
chloride. The precipitate of the zmc double salt is washed 
with slightly alkaline water and decomposed with a stream of 
carbonic acid gas. The purified tox-albumin gives the xantho- 
proteic, biuret, and Adamkiewicz’s reactions, and the red 
coloration on heating with Millon’s reagent. 

Warden, Connell and Holly suggest that the toxin is a par- 
ticular fatty acid mixture (oleic acid 83*3, palmitic acid 16-7 
per cent.) in a peculiar emulsoid or colloidal form. An artificial 
substance of this nature is toxic to guinea-pigs, reproducing 
the lesions of diphtheria toxin, is neutralised by antitoxin, and 
acts in other ways as a specific antigen. 

According to Ehrlich the toxin broth is a complex mixture 
of toxic and non- toxic constituents, but this is not accepted by 
Madsen and Arrhenius. Its toxicity gradually diminishes on 
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keeping, and is destroyed in five minutes by boiling, at lower 
temperatures more slowly, and also by liglit. 

Diphtheria Antitoxin . — By tbe injection of sub-lethal and 
increasing doses of tbe toxin into an animal an antitoxin is 
generated. Eor tbe preparation of a potent antitoxin for 
therapeutic use tbe first essential is a highly toxic toxin, and 
fox obtaining this a diphtheria bacillus of high toxigenic power 
is required, and few strains possess this character. Various 
broth media are used to grow the bacillus, such as one made 
with meat infusion with 2 per cent, peptone and 0*5 per cent, 
salt and brought to a faintly alkaline reaction to phenol- 
phthalein with caustic soda solution. Quantities of \ to 1 litre 
in Erlenmeyer or other flasks are inoculated with the culture, 
and grown fox seven to twelve days at 37° C. Various details 
have to be attended to in order to obtain -toxin of maximum 
toxicity. The use of meat some days old has been advocated, 
or of acid beef-broth in which B. coh has been grown for 
twenty-four hours, in order to eliminate the glucose (p. 23). 
L. Martin makes use of t£ peptone ” prepared by the auto- 
digestion of a pig’s stomach with dilute hydrochloric acid. 
To the cultures 10 per cent, of a 5 per cent, solution of carbolic 
acid are added, the bacilli are allowed to deposit by standing 
for forty-eight hours, and the culture is filtered through paper , 
in this way filtration through a filter-candle is dispensed with. 
Less than 0*01 c.c. of the toxin should kill a 250-grm guinea-pig 
in three to four days. Selected horses which have been tested 
with mallein and tuberculin, and kept under observation for 
some time to ensure that they are healthy, are then inoculated 
with this filtrate, commencing with a dose of 0*01 to 0*1 c.c. 
according to the toxicity of the toxin, or 20 c.c. of the toxm 
together with 10,000 units of antitoxin may be given for the 
first three doses. Individual horses vary in their susceptibility 
to the toxin, so that care has to be exercised with the earlier 
injections. The injections are given subcutaneously over the 
shoulder, and produce local swelling with some rise of tempera- 
ture and general disturbance, lasting two or three days. When 
this has passed away the inoculation is repeated, a larger dose 
being administered provided the reaction due to the former one 
was not too severe. After the first two or three doses, the dose 
of toxin given may usually be double the previous one, so that 
after six or eight weeks treatment it may attain 500 c.c. or 
more. Individual horses vary much in their capacity to yield 
antitoxin : on the whole those that are moderately sensitive 
to the. toxin seem to produce most antitoxin ; a horse to be of 



DIPHTHERIA ANTITOXIN 


253 


value should after three months’ treatment yield an anti-toxic 
serum containing not less than 300 units per cubic centimetre. 
The required potency having been attained, as shown by the 
test described below, the horse is bled with aseptic precautions, 
the blood is allowed to coagulate, and the serum is separated 
and filled into sterile bottles each containing a dose of the anti- 
toxic serum. A small amount of antiseptic, such as trikresol, 
is generally added as a precautionary measure to prevent the 
multiplication of any stray germs that may have gained access 
during the various manipulations. 

Another method, increasing the yield of serum, is to run the 
blood into flasks containing a sufficiency of potassium oxalate 
m fine crystals to prevent coagulation. The flasks are allowed 
to stand until the corpuscles have sedimented, and the plasma 
is then drawn off into another flask containing a sufficiency of 
calcium chloride to induce coagulation, and the serum is finally 
separated as before. The deposited corpuscles may be re- 
injected into a vein of the horse, which is thereby deprived 
only of plasma and is consequently able to withstand more 
frequent and larger bleedings. 

Standardisation of Antitoxin. — The potency of diphtheria 
antitoxin is always described in £ * units 55 and is estimated by 
ascertaining the quantity of antitoxin required just to neutralise 
a certain amount of a standardised toxin when both are injected 
into a 250-grm. guinea-pig. Formerly, by ftoux’s method, the 
minimal lethal dose of the toxin is first ascertained, and then 
the number of grammes of guinea-pig which 1 c.c. of antitoxin 
will protect against this minimal lethal dose is determined. 
If 0*01 c.c. of antitoxin protects a 300-gnn guinea-pig against 
the minimal lethal dose, 1 c.c. will protect 300 x 100 = 30,000 
grm of guinea-pig, and the immunising value of the antitoxin 
would be described as 30,000 This method is open to the 
fallacy that if only a portion of the lethal dose be neutralised 
the guinea-pig may survive, and a fictitious value be given for 
the potency of the antitoxin. Behring later adopted ten 
minimal lethal doses as the test dose of toxin, and he termed 
ten times the amount of antitoxin which protects a guinea-pig 
against the ten minimal lethal doses a unit (the Behring unit, 
which therefore =100 minimal lethal doses of toxin), from 
which the Ehrlich unit, now universally adopted, is derived. 
Though this method eliminates to a large extent the objections 
to the Roux method, Ehrlich found that by it the same anti- 
toxin tested with different toxin broths yielded different values. 
This he explained by assuming that diphtheria toxin, broth 
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contains not only toxin but also other substances which com- 
bine with antitoxin. These substances, though non-toxic, or 
comparatively so, vary in amount in different toxin broths, 
and variable results, therefore, may be obtained by the simple 
method of testing. These substances, having an affinity for 
antitoxin, are toxoids and toxone. Ehrlich originally described 
three varieties of toxoids, viz. (1) those having a greater 
affinity for antitoxin than toxin itself, jprotoxmds ; (2) those 
having the same affinity, synloxoids ; (3) and those having a 
less affinity, e f pitoxo%ds . He afterwards found that epitoxoid 
is a primary secretory product of the diphtheria bacillus, and 
to mark this change of view named this substance toxone. 
Toxoids are derivatives of toxin , they increase in quantity 
in old toxin broth which has been kept, and which at the same 
time decreases in toxicity (see p. 141) Toxone also combines 
with antitoxin, having a less affinity for it than toxin, and while 
not acutely lethal, induces induration and paralysis. The 
toxoids are comparatively scanty in a fresh toxin broth and 
are negligible, but it is otherwise with the toxone, which is 
always present in appreciable quantity. If two toxins each 
contained the same amount of toxin but different amounts of 
toxone, each would have the same minimal lethal dose, but 
they would combine with and use up different quantities of an 
antitoxin, so that using these two toxins to standardise a 
sample of antitoxin, different values would be obtained. 

Ehrlich, therefore, introduced an indirect method for 
standardising antitoxin, which eliminates this anomaly. It 
consists in standardising the test toxin which is to be used with 
a standard antitoxin. This, besides eliminating irregularities, 
has the advantage that antitoxin is far more stable than toxin ; 
while the latter changes however it is preserved, antitoxin 
dried by evaporation in vacuo over sulphuric acid and preserved 
in ampoules evacuated of air, retains its original potency un- 
impaired for years. 

The dry standard antitoxin * of known potency is dissolved 
in a glycerine-saline solution, so that 1 c.c. of solution contains, 
say, 10 units ; this solution will keep for some weeks. 

The toxin to be used for testing (the C£ test toxin 55 ) is 
obtained by filtering a diphtheria broth culture through a 
filter candle. The test toxin should be an active one, containing 
not less than 100 minimal lethal doses in 1 c.c. ; it is best 

* Obtainable from the Institut fur Experimen telle Therapio, Rrankfort- 
on-Maine, or from the Hygmmc Laboratory, U.fc3. Public Health Service, 
Washington. 
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preserved with the addition of some toluol in the ice-chest ; 
even so, it is liable to have changed in the course of two to 
three to four weeks. 

Guinea-pigs of about 250 grin, weight are employed, because 
it is found that they react more constantly than larger animals, 
which may show appreciable differences in resistance. Death 
of the animal on the fourth ox fifth day after inoculation has 
been chosen to represent the minimal lethal dose (designated 
M.L.D.) because it is found that if the dose of toxin be 
diminished ever so little below that producing this result, 
death, if it occur, does not then ensue under nine or ten days. 
That is to say, an acute intoxication is fatal at latest on the 
fifth day after inoculation, death after then being due to a 
chronic intoxication, mainly caused by the toxone. The first 
procedure is to determine approximately the M.L.D. of the 
test toxin. This is done by injecting a series of guinea-pigs 
with increasing doses of the test toxin and finding the least 
amount which kills on the fourth or fifth day. 

The next procedure is to determine the least amount of the 
test toxin which, mixed with 1 unit of the standard antitoxin, 
just kills a guinea-pig on the fourth or fifth day. This is known 
as the L + dose (L = limes , a boundary), and is the amount of 
the test toxin which is employed for standardisation, and 
hence must be accurately determined. 

The strong solution of standard antitoxin is diluted with 
saline so that 1 c.c. contains 1 unit (the second dilution). 

A series of five or six small conical glasses of about 6 c c. 
capacity are taken, and 1 unit of standard antitoxin ( i.e ., 1 c c. 
of the second dilution) is introduced into each. Varying 
quantities of the test toxin, from somewhat below to somewhat 
above 100 M L.D.’s, are then added, the mixture of toxin and 
antitoxin is made up to 4 c.c. in each glass, allowed to stand 
for fifteen minutes, and each mixture is then injected sub- 
cutaneously in the abdomen into a 250-grm. guinea-pig. Thus, 
if the M.L.D. of the test toxin had been found to be 0*005 c.c., 
the amount of toxin added to the five glasses each containing 
1 unit of antitoxin might be 0*45 c.c., 0*5 c.c., 0*55 c.c., 0*6 c.c., 
and 0*65 c.c. respectively. The result would probably be that 
the animals receiving 0*45 c.c. and 0*5 c.c. (90 and 100 M.L.D. 7 s) 
would survive, that receiving 0*55 c.c. (110 M.L.D.’s) might or 
might not die on the fourth or fifth day, those receiving 0*6 c.c. 
and 0*65 c.c. (120 and 130 M.L.D/s) might die on the third and 
second days respectively. 

From this first test, the L + dose of the test toxin is about 
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0*55 c.c., or lies between 0*55 c c. and 0*6 c.c., and another 
series of determinations would then have to be performed in 
the same manner with quantities of test toxin of, say, 0-53 c.c., 
0*54 c.c., 0*55 c.c., 0*56 c.c. and 0*57 c.c. In this way, the 
L + dose of the test toxin is accurately determined and when 
this has been accomplished, this L + dose is employed in a 
similar manner to standardise the antitoxic serum drawn from 
the treated horse. From the treatment which the horse has 
received, the maker will probably have some idea of the 
potency of the serum. Thus, suppose that this is expected to 
be about 300 units per cubic centimetre ; the serum might he 
tested for from 100 units to 500 units per cubic centimetre. 
The serum is diluted with saline 1 m 100, and into five test 
glasses 1 c.c., 0-5 c.c., 0*33 c.c., 0-25 c.c., and 0*2 c.c respectively 
is introduced. To each is added the L dose of the test toxin, 
and the quantity in each glass is made up to 4 c.c. with saline 
and, after standing, is injected into a guinea-pig. If the 
animal is completely protected, not only should it live, but 
there should be practically no local reaction at the site of 
inoculation. In this example, if all the animals are completely 
protected, at least 500 units per cubic centimetre are present ; 
if the animal receiving 1 c.c. is the only one completely pro- 
tected, then less than 200 units per cubic centimetre are 
present, and so on. 

It will be noted that the L + dose of the test toxm is defined 
as being the largest amount of the toxin which when mixed 
with one unit of antitoxin just kills the standard guinea-pig 
in the standard time ; in other words, it acts like a single M.L.D. 
of toxin. Another quantity, which is of theoretical interest, is 
termed the L 0 dose. This is defined as being the largest amount 
of toxin which is completely neutralised by 1 unit of antitoxin. 
It might be expected that the difference between these two 
quantities of toxin would correspond to one minimal lethal 
dose, viz., — L 0 = 1 M.L.D. This, however, is not the 
case : actually, the difference between the two is usually about 
8-12 M.L.D. 5 s, though occasionally it may be much larger. 

Ehrlich’s explanation of this anomaly is probably correct, 
viz., that it is a toxone effect. The test toxin contains toxin 
and toxone, and when the L 0 dose of toxin is mixed with 1 unit 
of antitoxin, both toxin and toxone are completely saturated 
with antitoxin. If, however, more toxin is added, the toxone- 
antitoxin complex is dissociated, and the freed antitoxin com- 
bines with the added toxin, and it is not until the whole of the 
freed antitoxin has combined with toxin that free toxin 
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becomes present in tbe mixture and the mixture becomes 
acutely lethal. Imagine that a toxin broth contains in the 
Xj 0 dose 90 equivalents of toxin +10 equivalents of toxone ; 
these are neutralised by 100 equivalents (1 unit) of added anti-' 
toxin. More toxin broth is then added to the neutral mixture. 
The first effect is to dissociate the toxone-antitoxin complex, 
setting free 10 equivalents of antitoxin which will be able to 
combine with 10 equivalents of toxin in the added toxin broth 
and neutralise them, and it is not until sufficient of the toxin 
broth corresponding with 11 equivalents or thereabouts of 
toxin has been added that the mixture becomes acutely lethal. 

The unit of diphtheria antitoxin may for practical purposes 
be defined as an amount which neutralises approximately 100 
M.L D.’s of diphtheria toxin for the guinea-pig. 

Ramon has introduced a flocculation method for the 
standardisation of diphtheria antitoxin, based upon the fact 
that toxin and antitoxin if in sufficient concentration yield 
when mixed a flocculent precipitate. The toxm has first to 
be standardised by finding the minimal amount of a standard 
antitoxin which just yields flocculation with the test dose of 
toxin. Thus, with a test dose of 2 c.c. of a certain toxin, it 
was found that the minimal flocculating dose of a standard 
antitoxin containing 300 units per cubic centimetre was 
0*05 c.c , which is equivalent to 15 units If with an unknown 
antitoxin it were found that 0*1 c.c was the minimal amount 
which would flocculate 2 c c of this toxm, then 0*1 c.c. of this 
antitoxin is equivalent to 15 units, or the serum contains 150 
units per cubic centimetre * The mixture of serum and toxin 
is kept at 37° C., and should flocculate within an hour. 

Since tlie introduction of antitoxin treatment, which was com- 
menced about the middle of 1894, there has been a steady decline 
in the case mortality from diphtheria, especially in London, 
where probably the majority of the cases are injected with anti- 
toxin. From 1891 to 1894 the case mortality from diphtheria in 
the hospitals of the Metropolitan Asylums Board averaged about 
30 per cent., in 1895 it was 22 8 per cent., and afterwards steadily 
fell, until during tbe last five years it has ranged between 6-2 and 
7-9 per cent. 

If there is a reasonable probability that tbe case is one of diph- 
theria, antitoxin should be immediately given, and treatment 
should not be delayed for the result of the bacteriological exami- 


* See Glenny and Okell, Journ . Pathol . and Pact., vol. xxvii , 1924, p. 187 
(Kefs.). 

M B. 
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nation. The statistics show that in cases treated on the first day 
of the disease the case mortality is 3*3, on the second day it is 6*5, 
on the third day 10*6, on the fourth day 12*9, and on the fifth day 
and afterwards 14*8 per cent. 

In mild cases, doses of 6,000—12,000 units should he given. In 
cases of medium severity doses of 12,000—20,000 units, and in had 
cases 24,000—30,000 units should he given. The larger doses 
should he given to cases treated at a late stage. In had cases, to 
fixing the patient under the influence of the antitoxin as rapidly 
as possible the first dose may he administered intravenously. The 
dose may have to fie repeated once or twice in mild cases, in had 
eases perhaps every six or twelve hours until several doses have 
fieen given, the guide being the general condition of the patient 
and the rapidity of the separation of the membrane. In addition 
to antitoxin, the recumbent posture and general and local treat- 
ment should he pursued as usual. 

Diphtheritic paralysis seems to he rather more frequent after 
the use of antitoxin than m the cases not treated with it, probably 
because a greater number of cases survive. 

Some clinicians assert that antitoxin exerts its effect when 
administered by the mouth or the rectum, hut all the evidence is 
opposed to this. Hewlett was unable to detect any absorption of 
tetanus antitoxin from the stomach or rectum, nor Sternberg of 
diphtheria antitoxin from the rectum, of rabbits. 

Immunity. — Antitoxin is usually produced by an attack of 
diphtheria, though not to a great extent. It does not develop 
until the period of convalescence, and probably has little to do 
with recovery. Chronic carriers of virulent bacilli generally 
have a relatively high content of antitoxin in their blood, 
amounting to from t d to 1 unit. 

A small amount of antitoxin is also found in apparently well 
people who have not suffered from an attack. The general 
opinion seems to be that this is derived from a preceding 
infection with B. d'ljohtherice , though not accompanied by an 
attack of diphtheria. The natural antitoxin appears to be 
identical with that artificially produced. Experimental work 
seems to establish the fact that the presence of antitoxin in a 
quantity of unit is a considerable safeguard against 

an attack. 

The incidence of diphtheria is different at different ages. 
The infant under one year and the adult over seventeen years 
of age are rarely attacked. Half the total number of cases 
occurs between the second and tenth years, th.e maximum 
being reached between about the third and sixth years. Sus- 
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ceptibility and insusceptibility correspond to some extent with 
the content of natural antitoxin present, though, not altogether, 
as other factors, particularly aggregation of individuals at the 
school age and increased risk of infection arising therefrom, 
influence the result. This has been elucidated by the use of 
the Schick test. The Schick test or reaction consists in 
injecting intradermally a minute dose (C<j M.L.D.) of diphtheria 
toxin. This gives rise to a local reaction at the site of inocula- 
tion in individuals unprotected by the presence of natural 
antitoxin, while if antitoxin is present, the toxin is neutralised 
and no reaction follows. The Schick test reveals the presence 
of about ufe— unit of antitoxin per cubic centimetre of the 
person’s serum, and a negative case is assumed to have this 
amount at least and to be relatively insusceptible to diphtheria. 
The toxin is obtained from a six-day-old broth culture. This 
is carbolised, allowed to stand in the ice-chest for two to three 
days, and then filtered through a filter candle. The filtrate is 
allowed to stabilise for several months, and the M.L.D. of the 
ripened toxin is determined in the usual way on guinea-pigs. 
A ’ primary dilution is made with saline, so that each cubic 
centimetre contains 10 M L.D.’s and will keep for a fortnight. 
Tor use, the primary dilution is diluted one hundredfold, so 
that 0*2 c c. contains -gL. M.L.D. The injection is made with a 
fine needle, and must be entirely %nUa - (not sub-) dermal. A 
control is frequently made by an injection of heated toxin. 

A negative reaction is shown by the skin remaining normal. 
With a 2 ^ositive reaction, a trace of redness appears slowly at 
the site of injection in from twelve to twenty-four hours, and is 
distinct in the course of twenty-four to twenty-eight hours. 
There is an indurated and reddened area of from 10 to 25 mm. 
in diameter, which reaches its height on the third or fourth 
day. The diluted toxin is very sensitive to various agencies ; 
even shaking may destroy it. 

Preventive Inoculation. — Several methods have been em- 
ployed for prophylactic inoculation. Passive immunisation 
by means of antitoxin has been extensively used, in the event, 
for example, of diphtheria appearing in a school. Contacts, 
or even the whole of the non-attacked, may receive 500—1,000 
units, with the almost certainty of preventing an attack unless 
the subject is already in the incubation stage. Immunity is 
rapidly induced, but also passes off quickly, so that the 
inoculated become susceptible again within three to four weeks. 
This short duration of protection together with the risk of 
anaphylaxis should serum treatment afterwards have to be 

17—2 
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given constitute the principal disadvantages of passive im- 
munisation by means of antitoxin. 

Attempts have been made to immunise actively by means of 
vaccines prepared from cultures or with endotoxin solutions. 
Toxin also has been tried in a few instances. 

The use of a toxin-antitoxin mixture, in which the toxin is 
not quite neutralised, is now being practised and has super- 
seded other methods. It is particularly applied in the case of 
children shown to be probably susceptible to diphtheria by a 
positive Schick test. A Schick test previously positive may 
be rendered negative by this method. By the injection of the 
toxin-antitoxin mixture, antitoxin is formed in the individual, 
and being of his own manufacture, persists much longer than 
when foreign antitoxin is injected. 

The toxin-antitoxin material has to be carefully prepared 
and standardised. It consists of an active toxin which has been 
kept for some time in order to stabilise it, and is so constituted 
that it contains about 3L + doses of the toxin with 3 units of 
antitoxin per cubic centimetre. Such a mixture will retain 
its properties unimpaired for some months. Some accidents 
have occurred from its use owing to the fact that certain 
factors, e.g freezing, may precipitate out the antitoxin and 
render the mixture much more toxic than it should be. 

PSEUDO-DIPHTHERIA AND DlPHTHEROIT) BACILLI. 

Diphtheria-like bacilli are not uncommon on the skin, in 
wounds and ulcers, and in pathological exudates, as from the 
urethra, etc., in the eye, nose and ear, and in the throats of 
pigeons, fowls and cats. Cleland notes the frequent presence of 
a diphtheroid organism in surgical wounds in children. It 
resembles a small diphtheria bacillus, but is non-virulent to 
the guinea-pig, and ferments glucose, laevulose, cane-sugar and 
galactose. It produces no change in milk and does not ferment 
lactose, maltose, mannitol and dulcitol. 

Diphtheroid organisms have also been isolated from leprous 
nodules and from the glands in Hodgkin’s disease (which see). 

In cultures made from the throat and nose for diagnostic 
purposes, various so-called pseudo -diphtheria bacilli are met 
with, sometimes associated with the Klebs-L other bacillus, 
sometimes not. They are found in various anginal conditions, 
in scarlet fever, and occasionally in well persons, and are non- 
pathogenic to guinea-pigs. The term was originally used by 
Loffler, and by priority should be reserved for the organism 
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described by bim under this name. Roux and Yersin, Abbott 
and Frankel describe the pseudo-diphtheria bacillus as 
morphologically resembling the Klebs-Loffler bacillus, while 
Loffier, von Hofmann, Koplick, Park and Beebe, Peters, and 
Hewlett and Miss Knight,* consider that an organism differing 
somewhat from the Klebs-Loffler bacillus should alone be 
termed the pseudo-diphtheria bacillus ; to avoid confusion it 
is best to designate it the Hofmann bacillus (B, [Coryne- 
bacterium ] Jiofmanm). 

Morphology. — Typically, the Hofmann bacillus is a shortish 
rod tapering towards the ends, which are rounded, the average 
length being from 1*5 /r to 2 p, and it occurs in pairs, resembling 
two suppositories placed base to base. It is non-motile, does 
not form spores, is arranged in a parallel grouping like the 
Klebs-Loffler bacillus (due to the same mode of division), and 
involution forms are, as a rule, not met with (Plate IX., b). It 
is Gram-positive, and stains deeply and regularly with Loffler’s 
methylene blue, segmentation and polar staining usually being 
absent. With Neisser’s stain no inky granules are perceptible, 
as is the case with the diphtheria bacillus. 

Cultural Reactions. — The Hofmann bacillus is almost a strict 
aerobe. The serum, agar, gelatin and broth cultures are 
practically identical with those of the Klebs-Loffler bacillus, 
and on ordinary potato there is little growth. On alkaline 
potato, f however, it forms distinct cream-coloured colonies, 
usually visible by the second day. In stab-cultures the growth 
is confined to the upper part of the stab. Litmus milk becomes 
blue without curdling ; no sugar is fermented (see table, p. 264). 
The Hofmann bacillus, cultivated m peptone water, gives an 
indole reaction with nitrite and acid, like the diphtheria 
bacillus does, but after a somewhat longer time. The substance 
giving this indole-like reaction is in both cases indole-acetic 
acid (see ante , p. 245). The Hofmann bacillus is non-patho- 
genic to guinea-pigs in doses of 5 c.c. or more of a forty-eight 
hours 5 broth culture, but is stated to be virulent to certain 
birds (see below). While the B. diyphiherice forms hsemolysin, 
the Hofmann and other diphtheroids do not. 

The histories of several cases investigated by Miss Knight 
and Hewlett seemed to show that the Hofmann bacillus may 
be associated with mild anginal conditions, which are free 
from complications, end in recovery, and are not followed by 

* Trans. Brit Inst, of Prev . Med., vol. i , 1897. 

f Ordinary potato rendered alkaline with a 10 per cent, solution of sodium 
carbonate before sterilisation. 
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sequelae. In many of tlie cases the anginal condition was 
associated with distinct patches of membrane, and in two 
symptoms were present suggestive of the toxaemia which is 
met with in diphtheria. 

In a long series of experiments Hewlett and Miss Knight 
believed that some evidence was obtained of the conversion 
of the Hofmann into the Klebs-Loffler bacillus and vice versd. 
Moreover, the Hofmann bacillus seemed in many instances to 
replace the Klebs-Loffler bacillus in the throat during con- 
valescence, and it is possible in a large series of cultures to 
obtain connecting links between the Klebs-Loffler bacillus on 
the one hand and the Hofmann bacillus on the other. Cobbett,* 
however, suggests that during the acute stage, diphtheria 
bacilli being readily found, the Hofmann bacillus is likely to 
be overlooked, whereas at a later stage a more careful search 
may be necessary to detect the diphtheria bacillus, and the 
Hofmann bacillus is therefore more frequently seen. 

Miss Knight and Hewlett came to the conclusion that in 
some cases, at least, the Hofmann bacillus is a modified Klebs- 
Loffler bacillus, and the view taken of its relation to the Klebs- 
Loffler bacillus was, that it is a very attenuated Klebs-Loffler 
bacillus, i.e., one far removed from virulence. 

Salter f claimed to have found that the Hofmann bacillus 
is virulent to many small birds (goldfinch, chaffinch, canary, 
etc.), and that by successive passages it becomes converted 
morphologically into a Klebs-Loffler form with feeble virulence 
for the guinea-pig. He also found the filtered broth culture 
of the Hofmann bacillus to be toxic to small birds, and that it 
contains a non-toxic substance (toxoid) which has the power 
of combining with diphtheria antitoxin. Salter concluded, 
therefore, that diphtheritic organisms are to be met with of 
every grade of virulence, the weakest, known as Hofmann's or 
the pseudo-diphtheria bacillus, representing the most attenu- 
ated form of the Klebs-Loffler bacillus. The author and 
others and Clark J have, however, failed to confirm Salter’s 
results. Thiele and Embleton also claim to have effected the 
transformation of a typical Hofmann bacillus into a virulent 
Klebs-Loffler bacillus by massive intraperitoneal inoculation 
of guinea-pigs with Hofmann culture suspended in 30 per cent, 
gelatin, and after death of the guinea-pig, injection of the 
peritoneal exudate with a smaller amount of living bacilli into 

* Joum . of Hygiene, vol. i., 1901. 

f Trans . Jenner Inst. Prev. Med vol. ii., p. 113 (Bibliog ). 

f Joum. Infect. Diseases, vol. vii., 1910, p. 335. 
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a second guinea-pig, and repeating tins method of inoculation. 
Finally the bacillus became Klebs-Loffier in morphology and 
1 c.c. of its toxin killed a guinea-pig m forty-eight hours, and 
this toxin was neutralised by diphtheria antitoxin. Others 
have been unable to convert the pseudo-bacillus into a virulent 
Klebs-Loffler bacillus. Boycott * found that the seasonal 
prevalence of the Klebs-Loffier and Hofmann bacilli does not 
correspond, the former prevailing during September, October, 
and November ; the latter is more frequent from May to 
August. 

To sum up : the Klebs-Loffler-like avirulent bacilli met 
with in the throat, the pseudo-diphtheria bacilli of Eoux and 
Yersin, are probably modified and avirulent diphtheria bacilli. 
As regards the Hofmann bacillus, the general trend of opinion 
at present is to consider it as quite distinct from the Klebs- 
Loffier bacillus. Another view is to regard it as in reality 
including several species, of which one may be a modified 
Klebs-Loffier bacillus, the others having no relation with this 
organism. The Klebs-Loffler-like avirulent bacilli might, 
therefore, be regarded as true diphtheria bacilli .s lightly 
removed from virulence, and the Hofmann bacillus, if derived 
from the Klebs-Loffier, as a diphtheria bacillus far removed 
from virulence. 

Considerable attention lias of late been given to the fermentation 
reactions of the B. diphtherice and diphtheroid organisms. *f From 
this work several facts emerge : (1) the extraordinary constancy 
of the reactions of B. diphtherice , whether virulent or avirulent ; 
(2) that it does not ferment unheated lactose, though it sometimes 
produces acid in lactose media sterilised by heat ; (3) that B. 

hofmanm is a fairly well-defined organism which does not ferment ; 
(4) that dextrin is a substance of ill-defined composition, and is 
unreliable; (5) that diphtheroids other than B. diphthei ice are 
ill-defined or multitudinous species. Barratt classifies them under 
eleven groups by their fermentative activity, but such groups do 
not correspond with the source of the organism. Thus, strains 
from the eye come into three of the groups, urogenital strains are 
found in five of the groups, and strains from the nose and throat 
occur in all the groups except one. It is very exceptional for 
diphtheroids to ferment mannitol. 

Fermentation reactions of some of the diphtheroids are given in 
the following table, but, with the exception of those of B . diph* 

* Journ. of Hygiene , 1905, vol. v., p. 223. 

*f See Barratt, Journ . of Hygiene, vol. xxiii , p. 241 , Okell and Baxter, 
Journ . of Pathology and Bacteriol. , vol. xxvii. 3 p. 439 fRefs t )- 
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therice and B. hofmanni , they must not bo regarded as being quite 
constant : — 



GrIUCOfeC 

Lactose 

Sucrose 

Maltose 

B. dijphthence 

A 

0 

0 

A 

B . hofmanni 

0 

0 

0 

0 

B. xerosis . 

A 

0 

A 

A 

B. coryzce 

A 

0 

0 

0 

From wounds 

A 

0 

A 

0 


A — acid-formation ; 0 = no action. 


In determining tbe fermentation reactions of tlie diphtheria- 
like bacilli, tlie organisms should first be grown m broth until they 
become acclimatised to this medium, or should be grown in a 
medium which suits them, e.g broth with the addition of serum or 
of ascitic fluid. Hiss’s scrum- water medium is satisfactory — serum 
1 part, water 3 parts, with 1 per cent, of carbohydrate or other 
substance, tinged with litmus and sterilised in the steamer oil three 
consecutive days. 

Clinical Diagnosis. 

{A) In Man and Animals . — I. In some cases tlie diphtheria 
bacillus can bo identified m the membrane or disci large, and the 
diagnosis established thereby . 

Films are made with the exudation, or with a fragment of the 
membrane, and are best stained by the modified Neisser method 
described below. 

II. The membrane is frequently so crowded with different 
forms of organisms that it is difficult to recognise the diphtheria 
bacilli. Recourse must then be had to cultivation. 

For this purpose sloping blood-serum tubes (best), tubes of 
serum-agar, or agar smeared with blood must be employed ; 
simple agar is unsuitable.* 

A piece of membrane or a swabbing from the throat is rubbed 
over the surface of one or two serum tubes, care being taken not 
to break up the medium. The tubes are incubated at 37° C. for 
eighteen to twenty hours, and smears are then examined micro- 
scopically whether there is any visible growth or not. If there be 
no visible growth a scraping is taken by means of a sterilised 
platinum needle from the whole surface and a film is prepared. If 
there is a visible growth the film should he prepared from the most 
likely colonies, or, if the growth he confluent, from the upper half- 

* Various selective media have been devised, e,g., potassium sulpho- 
cyanide neutral-red glucose blood-serum (Rankin, Journ. of Ilya , xn , 
1912. t>. fiOL J W 
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inch or so. One film may be stained with Tofiler's methylene blue 
for five to ten minutes, or by Pugh’s method ; another film should 
be stained by the modified INTeisser method given below. If there 
is very little growth, a ring may be made round the material on 
the under surface of the slide so that the position of the film may 
be located. The preparations are examined with a ^ in. oil- 
immersion lens magnifying not less than 800-1,000 diameters, 
and the Klebs-Loffler bacillus is identified from the description 
given in the text. 

If negative results are obtained after eighteen to twenty-four 
hours’ incubation the tubes should be incubated for a further 
twenty to twenty -four hours and re-examined, and occasionally 
a positive result may be obtained by this longer incubation. 

Loffler’s methylene blue gives much more characteristic pre- 
parations than Gram’s method. 

Although eighteen to twenty hours is recommended for incu- 
bating the cultures, a microscoxncal examination will sometimes 
reveal the bacilli at a much earlier penod. The author has found 
them in t as short a time as six hours, but if bacilli are then not 
found the tubes must be incubated for the longer period. 

Neisser’s method of staining is as follows : — 

(a) One gramme of methylene blue (Grubler’s) is dissolved in 
20 c.c. of 96 per cent, alcohol, which is then mixed with 950 c c. 
of distilled water and 50 c c of glacial acetic acid. 

( b ) Two grammes of Bismarck brown are dissolved m 1 litre 
of boiling distilled water and the solution is filtered. 

The preparations are stained m (a) for half a minute, drained 
(not washed), and stained in (b) for one minute, washed in water, 
dried, and mounted. The bacilli are stained pale brown, and 
contain two, rarely three, inky-blue dots. This is a valuable con- 
firmatory stain for the diphtheria bacillus. Cocci and streptotlirix 
forms frequently show similar inky dots, and this appearance must 
not be mistaken for diphtheria bacilli. A modified method is 
better. The film is stained in the Neisser blue solution a for two 
minutes, drained, treated with Gram’s iodine solution for one 
minute, drained and counter-stained with J— 1 per cent, aqueous 
eosm for two to three minutes, rinsed and dried. 

Pugh’s stain is also a very good one. It is a mixture containing 
1 grin, of toluidine blue dissolved in 20 c.c. of absolute alcohol 
and added to 1,000 c.c. of distilled water and 20 c.c. of glacial 
acetic acid. The mixture is applied for two minutes. The proto- 
plasm of the bacilli is stained a pale blue and the polar bodies are 
deeply stained and stand out in marked contrast , by artificial 
light they appear a reddish purple. 

In the majority of cases, after a little experience, the Klebs- 
Loffler bacillus will be readily recognised if present. Occasionally, 
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however, bacilli may be present which, resemble the Klebs-Loffler 
very closely, and of which it is difficult to be certain. In such a 
case the following characters should bo noted in attempting to 
arrive at a decision : 

(1) The Klebs-Loffler bacillus stains somewhat deeply with 
Loffler’s blue, and shows segmentation and polar staining, while 
the bacilli resembling it usually stain regularly but feebly. 

(2) Involution forms, clubbing, etc., are present. 

(3) The Klebs-Loffler bacillus does not form threads.* 

(4) The Klebs-Loffler bacillus does not form spores. 

(5) The Klebs-Loffler bacillus is non-motile. 

(6) The Klebs-Loffler bacillus is Gram-positive. 

(7) The parallel grouping of the Klebs-Loffler bacillus is some- 
what characteristic. The bacilli when lying side by side do not 
seem quite to touch, while the bacilli which resemble the Klebs- 
Loffler and show a parallel grouping frequently lie much closer 
together than the Klebs-Loffler bacillus ever does. 

(8) The pseudo -bacillus and other bacilli do not give the 
diphtheritic reaction (polar staining) with NcissePs or Pugh’s 
stain {the culture must he a young serum one). 

(9) The final test of virulence may be applied. Por this purpose 
the organism must be isolated m pure culture by plate cultivations. 
The whole of a young serum slope is emulsified in saline and 
injected subcutaneously into a 250-gram guinea -pig. If the strain 
be virulent, death will usually ensue in one or two days with the 
characteristic post-mortem appearances. As a further confirmatory 
test, a second guinea-pig may be similarly injected, receiving at 
the same time 500 units of diphtheria antitoxin intrap eritoneally ; 
this animal should survive. If many tests have to be performed, 
intraeutaneous tests may be utilised. One animal is immunised 
with 500 units of diphtheria antitoxin. The following day this 
animal and also a second unprotected animal are inoculated intra- 
cutaneously with 0*2 c.c. of an emulsion of the organism standar- 
dised to contain 50 million bacilli per cubic centimetre. Pour or 
five hours after the intradermal inoculation the unprotected 
animal is given 125 units of antitoxin intrap eritoneally. Virulent 
strains of diphtheria bacilli cause rose-red swellings of varying 
intensity, sometimes ending in necrosis, in the second animal, 
while the first or protected animal shows nothing. Non -virulent 
strains give a negative result in both animals. Eight or ten 
different strains may thus be tested by means of the two animals. 
The various inoculations should be not less than half an inch apart. 


* Klein and others have described thread and branched forms in cultures 
of the Klebs-Loffler bacillus in certain circumstances, but these are not 
likely to he observed in young throat cultures. 



VINCENTS ANGINA 267 

and should be made into white-haired portions of the skin, which 
have been depilated by the application of calcium sulphide. * 

(10) Agglutination tests are unsatisfactory and not of service. 

It occasionally happens that a conclusion cannot be arrived at 
without an extended investigation. 

Many laboratories now undertake the examination of material. 
Culture outfits are supplied by some, consisting of a sterilised 
tube containing a sterilised swab. Failing this, a piece of mem- 
brane may be forwarded in a tube or bottle which has been steri- 
lised by heating, or with boiling water or steam. If there be no 
membrane, a swab can be readily extemporised by wrapping a 
little wool or lmt (non- antiseptic) round the end of a piece of wire, 
knitting needle, hair-pin, penholder, or splinter of wood. The 
wool may be sterilised by moistening with water and then holding 
in a flame. Membrane or secretion may also be forwarded on 
pledgets of wool, pieces of lint or calico, and even on paper, but 
these are not so suitable. 

(B) In Milk . — See section on ts Milk. 5 ’ 

Vincent’s Angina. 

An infective malady characterised by sore thioat, fetor, dys- 
phagia, and ulceration, and membrane simulating diphtheria. 
The diphtheria bacillus, however, is not present, and the affection 
is apparently caused by an association of a bacillus and a spiro - 
chaete. The bacillus (B. fusifomis) measures 6-8 /x to 10—12 p 
in length, has pointed ends and is usually somewhat bent , not 
straight, often appears feebly motile, and is Oram -negative. It 
can be cultivated anaerobically on the ordinary media to which 
human blood-serum, ascitic or hydrocele fluid has been added. 
In culture it develops filamentous forms but never spirochaetes. 
The spirochaetes may be cultivated anaerobically in serum agar , 
they belong apparently to three varieties or species of Spironema, 
which occur together in varying proportion f They also are 
Gram-negative. Smears may be stained with methylene blue 
or dilute carbol-fuchsin, and the appearance of the associated 
organisms is so characteristic that a diagnosis is easily effected 
(Plate IX., a). 

Ulcer o -membranous inflammatory affections caused by the 
Vincent’s organisms are not confined to the pharynx and tonsils, 
but may be widely distributed on the mucous membrane of the 
mouth andgums. They sometimes cause a diffuse ulcero-mem- 


* See Fagleton and Baxter, Brit. Med. Journ ., 1921, vol. L, p. 775, and 
ibid., 1922, vol. i., p. 139. 

f See Semple, Price- Jones and Digby, Journ. Boy. Army Med. Corps , 
xxxiii., 1919, pp. 217, 281. (Bibliog.) 
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"bran ons gingivitis, sometimes a more restricted infection of tlie 
gums at the junction with the necks of the teeth — fuso -spirillary 
peridental or marginal gingivitis. These lesions are fairly common 
and may he confused with pyorrhoea alveolaris. They have been 
fully described by Taylor and McKinstry. * 

Fusiform bacilli have been met with in various necrotic pro- 
cesses, e.g., noma (see Chapter XXI.). 

Thu Xerosis Bacilltjs (B. [C.] xerosis). 

The xerosis bacillus was isolated by Neisser from cases of 
xerosis conjunctivse, and is met with in follicular conjunctivitis. 
Lawson and also Griffith isolated it from nearly 50 per cent, of all 
normal conjunctival sacs by culture on blood-serum, so that it is 
not causative of xerosis. In morphology and staining reactions 
it resembles the Klebs-Loffler bacillus very closely. It differs 
from the Klebs-Loffler bacillus in the following particulars : 
(1) Usually, but not always, m the primary cultivations from the 
eye on blood-serum, colonies do not appear under about thirty 
hours, while those of the Klebs-Loffler bacillus are visible m 
sixteen to twenty hours. This does not apply to the secondat y 
cultivations, in which the colonies appear as soon as those of tho 
Klebs-Loffler bacillus. (2) Upon agar it will seldom or never 
grow in primary culture, and in secondary cultures it forms only 
a thin, translucent, dry film. (3) Upon gelatin it will never grow 
in primary culture and seldom in secondary culture. (4) It does 
not give rise to acid production in milk or glucose broth. (5) It 
is non -pathogenic to guinea-pigs. (6) The Neisser stain is incon- 
stant. The fermentation reactions will be found in the table on 
p. 264. 

Bacillus [C.] cortzje (segmentosus). 

An organism first described by Cautley, of frequent occurrence 
in the nasal secretion in cases of “ influenza cold. It bears a 
striking resemblance morphologically to the B. d^phtherice when 
stained with methylene blue, and is Gram-positive, but does not 
show granules either with Loffler’s blue or with Neisser’s stain. On 
agar it grows more slowly than JB. diphtherias, and in glucose broth 
and litmus milk acid production is slow and feeble. It is non- 
pathogenic to guinea-pigs. The fermentation reactions will be 
found in the table on p. 264. 

Other Diphtheria -like Bacilli. 

As already mentioned, diphtheria -like bacilli are not infrequent 
in wounds, pathological discharges and secretions ; they are 


* Boy. Soc. Med. ? Odoxjtological §ect., November 27, 1916. 



AVIAN DIPHTHERIA 


269 


common in the urethra. They also cause conditions of so-called 
pseudo-tuberculosis (p. 304). Some of them may be positive with 
Neisser’s stain. They are always non-virulent to guinea-pigs. 

Avian Diphtheria. 

Avian diphtheria * particularly attacks poultry and pigeons, 
and is frequently met with m other domesticated birds. Wild 
birds may also be attacked and extensive epizootics occur from 
time to time among wild pigeons. Roup or bird-pox is now con- 
sidered to be another form of the disease. In avian diphtheria 
an extensive, tough, yellowish false membrane forms in the 
mouth, throat and trachea. In bird-pox (contagious epithelioma) 
warty growths form on the comb, wattles, eyelids and adjacent 
skin, and may spread to other regions. Not infrequently bird- 
pox is co-existent with diphtheritic lesions in the mouth. Loffler 
isolated a bacillus in pigeon diphtheria and roup has been stated 
to be caused by a protozoan parasite. The view now held is that 
both diseases are caused by a resistant, filter-passing virus. 

The so-called diphtheria of calves is produced by an anaerobic 
streptothrix. 

None of these diseases is communicable to man. 

Macfadyen and the author f found Klebs-Loffler-like organisms 
to be present in the mouths and throats of healthy pigeons and 
fowls. These organisms resembled the true Klebs-Loffler bacillus 
m their cultural reactions, but were quite non-virulent to guinea- 
pigs. 


+ See Leaflet No. 13S, Ministry of Agriculture and Fisheries. 
*j* Trans Path. Soc Lond , vol. li , 1900, p 13. 
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INFECTIVE GEANULOMATA — GLANDERS — “ACID-EAST' 5 
BACILLI — TUBERCULOSIS — LEPROSY — THE SMEGMA 
BACILLUS. 

Certain diseases are characterised by the formation in the 
tissues of cellular nodules which resemble granulation tissue, 
and they may usually be transmitted by inoculation oi 
material from the nodules ; hence the conditions are known as 
fiC infective granuloma ta. ?? The principal infective granulomata 
are, glanders, tuberculosis, leprosy, actinomycosis and syphilis, 
and the causative organisms are largely confined to the nodules. 
Those in which the causative organisms are bacillar in appear- 
ance^ viz., glanders, tuberculosis and leprosy, are considered 
in this chapter. 

Glanders.* 

Glanders is a disease which has been known from the earliest 
times, being recognised by the Greek and Roman writers, by 
whom it was termed fiakis and malleus respectively. It is 
pre-eminently a disease of the horse, mule, and ass, but is also 
communicable to man and to certain other animals. It is 
caused by a small bacillus discovered by Eoffler and Schiitz in 
1882. 

In the horse the lungs are always affected, and frequently the 
nasal mucous membrane (Plate X., b). Nodules form which 
afterwards break down and ulcerate, and a miico -purulent 
discharge appears ; in the older writings the name “ glanders ” 
covered only these advanced cases of the disease. In C£ farcy ” 
the lymphatic vessels and glands are affected, the enlarged 
glands being known as “ farcy buds ” (Pig. 36). 

In man the disease is rare, an average of four deaths per 
annum being caused by it in this country (none in 1923). It 
occurs in two forms — the acute and the chronic. The former 
is a very serious affection, accompanied by high fever, pros- 
tration, and delirium, and is almost invariably fatal in from 
two to three weeks ; an eruption closely resembling that of 
smallpox may appear on the forehead and face. The site of 

* See McEadyean, Journ. of State Med., vol. xiii., 1905, pp. 1, 65, 125. 







THE GLANDERS BACILLUS 


271 


infection is usually tlie hand or arm, the nasal mucous mem- 
brane being sometimes subsequently involved, and deposits 
may form in the lymphatic glands, internal organs, and 
muscles. In the chronic form intramuscular abscesses are 
frequent from the breaking down of wdiieh indolent ulcers may 
result ; the disease runs a prolonged course of weeks or even 
months, and about half the cases end in recovery. 

The Glanders Bacillus. 

The glanders bacillus ( B . [Pfeiffer ella] mallei) is an obligatory 
parasite with the equine species for its normal host. It hardly 
grows on artificial media below about 20° C., and probably 



Fia. 36. — Horse affected with faicy (MeJFadyean). 


cannot maintain a saprophytic existence outside the animal 
body. 

Morphology. — The glanders bacillus in the tissues varies 
between 2 p. and 5 /x in length, and is generally straight, though 
sometimes slightly curved. The bacilli are usually irregularly 
scattered, and do not tend to form colonies. In stained pre- 
parations they often appear more or less beaded, or may 
exhibit bipolar staining, but some stain uniformly. The bacilli 
from young cultures not more than twenty-four hours old are 
almost always short rods, a little thicker than those found in 
the lesions (Plate XI., a). In old broth cultures the surface 
growth is largely composed of filaments, which do not show any 
regular segmentation, but may exhibit lateral branching, and 
may have club-shaped extremities. Prom these features some 
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place tlie glanders organism among tlie Streyptotrichece . Tlie 
bacillus does not form spores, and is probably non-motile, 
though in a hanging-drop preparation a very active Brownian 
movement is present. 

Staining Reactions. — The bacillus is Gram-negative, is not 
acid-fast, and from young cultures stains readily with the 
ordinary anilin dyes. It is difficult to demonstrate it in smears 
of glanders or farcy material, as a majority of the organisms 
appears to be degenerate and to stain badly, and the presence 
of deeply staining nuclear detritus increases the difficulty. In 
sections, methylene-blue staining with decolourisation in dilute 
acetic acid and mordanting with tannin gives the best results 
(p. 276). The bacillus shows dark staining dots when treated 
with osmic acid, suggesting fat-globules (Shattock). 

Cultural Characters. — The Bacillus mallei is an aerobic, and 
facultatively anaerobic organism. The growth on gelatin at 
22° C. is scanty and pale brownish in colour without lique- 
faction. On glycerin agar it forms a thick cream- or slightly 
brown-coloured growth, and on blood-serum a somewhat 
amber-coloured growth, which afterwards becomes brownish. 
The growth on potato at 37° C. is most characteristic, and 
practically diagnostic. If the surface of the potato is inoculated 
with a loopful of farcy pus or material from the centre of a 
glanders nodule, the resulting growth is usually not distinctly 
visible until the third day, when raised, translucent, viscid, 
amber-yellow coloured growth or colonies, like drops of honey, 
appear. With continued incubation the colonies coalesce, the 
growth becomes thicker and fawn-coloured, then reddish- 
brown, and finally generally chocolate-brown. The growth is 
odourless, limited to the site of implantation, and does not 
stain the potato. Broth or glycerin broth becomes uniformly 
turbid, and after a week or so patches of a whitish surface 
scum form, and after three weeks the broth is nearly covered 
with this surface growth, which is slimy and easily broken up 
on shaking and, microscopically, shows thread and clubbed 
forms. Broth cultures give the indole reaction. Litmus glucose 
agar becomes pink. Milk is not coagulated. 

Resistance to Germicides, etc. — The glanders bacillus is but 
little resistant, and cultures frequently die out in a month or 
so. Complete desiccation at 37° C. of nasal discharge, farcy 
pus, or bacilli from cultures is frequently fatal in twenty-four 
to forty-eight hours. Young broth cultures are soon destroyed 
by bright sunlight, and an exposure of ten minutes to a tem- 
perature of 55° C. is fatal to the cultivated bacilli. A 3 per 
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cent, solution of carbolic acid, a 1 per cent, solution of potas- 
sium permanganate, and a 1 in 5,000 solution of corrosive 
sublimate are fatal m two to five minutes. 

Pathogenicity, etc. — The glanders bacillus varies con- 
siderably in virulence, and under continued cultivation may 
become almost non-pathogenic. 

Glanders is met with exclusively among horses, asses, and 
mules, and man is infected from these animals, nearly all cases 
of human glanders being among ostlers, grooms, and coach- 
men, and the usual mode of infection is by farcy pus or nasal 
discharge coming into contact with a cutaneous wound or 
abrasion. A remarkable immunity, however, is enjoyed by 
the slaughterers, who have to deal with the carcases of glan- 
dered animals, and who might be supposed to run the greatest 
risk. But it must be remembered that Babes frequently found 
at the post-mot tem on persons who had to do with horses, and 
who died from diseases other than glanders, encapsuled glan- 
ders nodules in the lungs and internal organs, suggesting that 
the disease may often be latent in man, who appears to be 
relatively insusceptible, and that infection may be possible bv 
inhalation. In the horse glanders is readily transmissible 
experimentally both by ingestion and by inoculation, and 
ingestion is probably the common mode of infection naturally, 
infection by inhalation occasionally occurring. Even vdien 
glanders bacilli are administered experimentally by the mouth 
to the horse, the lesions may be most prominent in, or even be 
confined to, the lungs. In the horse, the disease has periods 
of epidemic prevalence, and is particularly frequent in London. 
In 1902 there were 2,499 well-developed equine cases in Great 
Britain, nearly 90 per cent, of which occurred in the Metro- 
politan area, but there are also numerous others in which it is 
latent. Since 190S, the disease has decreased ; in 1914 there 
were 269, in 1918 98, and in 1923 only 16, equine cases. 
Guinea-pigs and field mice are highly susceptible to the 
disease, which may also be contracted by some of the Carnivora, 
such as the cat, lion, and tiger, by inoculation or by feeding on 
diseased carcases. The rabbit, sheep, and dog are but slightly 
susceptible, while cattle, swine, and house mice are stated to 
be immune. Shattock * found that the white mouse is some- 
what susceptible, and suggests that probably the house mouse 
is similarly so. 

In the horse the most constant seat of glanders lesions is the 
lung, and McFadyean states that no case of glanders with 

* Trans. Path. Soc. Lond vol. lix., 1898, p 338. 

M b. is 
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lesions elsewhere than in the lungs, and with these organs 
unaffected, has ever been recorded. In nearly every case of 
farcy, also, nodules are present in the lungs. The lung lesions 
have the form of rounded, firm, or shotty, nodules. The 
number present is variable, rarely less than a dozen ; excep- 
tionally there are hundreds, fairly evenly distributed through- 
out the lung tissue. The nodule commences as a collection of 
polymorphonuclear leucocytes, around which a zone of con- 
gestion is present. Later, the alveolar walls undergo necrosis, 
and the leucocytes necrose and disintegrate, but their chro- 
matin persists as rounded fragments which retain their 
affinity for nuclear stains (chromatotaxis). The nodule may 
become surrounded with a thin layer of fibrous tissue, between 
which and the necrotic central area a zone of endothelioid cells 
with giant-cells may be present (Plate XI., b). 

The lesions of farcy are at the onset histologically identical 
with the glanders nodule, but by the progressive liquefaction 
of the tissues actual abscesses form. 

The lesions set up in an inoculated guinea-pig are very 
characteristic, and can be used for diagnostic purposes. With 
a very virulent culture, such as can be obtained by several 
passages through a susceptible animal, a guinea-pig may die 
in four or five days, and the post-mortem lesions are slight, con- 
sisting of some caseation at the seat of inoculation and slightly 
enlarged spleen, which contains a few small yellowish nodules 
resembling miliary tubercles. The material from human cases 
as a rule seems more virulent than that from the horse, and 
death of the guinea-pig often ensues a few days after inocula- 
tion. 

The culture or material from a glandered horse does not 
usually produce death of a guinea-pig until a lapse of two or 
three weeks. A male guinea-pig being chosen, the changes 
observed are caseation followed by ulceration at the seat of 
inoculation, when this is done subcutaneously, and great 
enlargement of the testicles ; on cutting into these they are 
found to be partially or almost entirely converted into a pasty 
caseous material, while the skin covering them is so adherent 
that it can only be detached by cutting, and the spleen is very 
much enlarged and studded with small yellowish nodules. In 
a female guinea-pig the ovaries are attacked. These appear- 
ances constitute Straus’s test. The difficulty of finding the 
bacillus in the discharges by microscopical and staining methods 
is so great that these cannot be employed with any certainty. 
Inoculation is rarely required for the diagnosis of equine 
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glanders, as the mallein test generally suffices, but in suspected 
glanders in man guinea-pig inoculation should generally be 
employed. 

McFadyean found that the blood of a glandered animal 
produces agglutination or clumping of the glanders bacillus 
similar to that obtained in the agglutination (Widal) test for 
typhoid, and has suggested this reaction as a means of diag- 
nosis. As an aid to the clinical diagnosis of the disease in man 
it is doubtful if agglutination can be applied, for Foulerton 
found that sera of typhoid fever and diphtheria also produce 
agglutination of the glanders bacillus. 

Toxins. — Mallein, a preparation analogous to tuberculin, is 
prepared by growing a virulent glanders bacillus for a month 
or six weeks in glycerin veal-broth in flat flasks such as are 
employed for tuberculin (Fig. 38, p. 282), so that there is free 
access of oxygen. The culture is then autoclaved for fifteen 
minutes at 115° C., filtered through a Berkefeld filter, con- 
centrated to one-fourth of its volume, and mixed with an equal 
volume of a per cent, solution of carbolic acid. This yields 
an active mallein, 1 c c. of which is a dose, and gives a good 
reaction. Like tuberculin, it possesses feeble curative pro- 
perties, though a few cases of cure by prolonged use have been 
reported by Babes and others, but is used for diagnostic pur- 
poses, and it is one of the most certain means w T e possess for 
diagnosing glanders in the horse. Injected into an unglandered 
horse little or no effect is produced, but m a glandered animal, 
about twelve hours after injection, the temperature rises 1*5° 
to 3° C. above the normal, a large and painful swelling forms 
at the seat of inoculation (it may be as large as, or even 
larger than, half a cocoanut), while any affected lymphatic 
vessels or farcy buds become swollen. Reaction may, however, 
be produced in the absence of glanders if the horse is being 
treated with bacterial products, toxins, etc.* 

Epizootic lymphangitis has a superficial resemblance to 
farcy in the horse, and must not be mistaken for the latter (see 

Sporotrichosis/ 5 Chapter XVII.). 

The greatest care should be exercised when working with 
glanders material or cultures, as several fatal laboratory infections 
have occurred . 

Clinical Examination. 

(1) Prepare film preparations of the pns or discharge, stain 
with Loffler’s blue, and then partially decolourise in 4 per cent. 


* See Sudmersen and Glenny, Journ. of Hygiene, vol. viiL, 1908, p. 14. 

18 2 , 
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acetic acid. Tlie ordinary pyogenic cocci will not be found 
unless a secondary infection has occurred, and tlie material may 
appear sterile, for tlie glanders bacilli may be very scanty. 

(2) Several tubes of glycerin-agar and potato sbould be inocu- 
lated and incubated at 37° C. for seventy-two liours. On tbe 
agar, colonies of tlie glanders bacillus will develop in twenty - 
four to thirty-six liours, but tbe potato will not show the 
characteristic amber-yellow growtb under forty-eight to seventy- 
two hours. 

(3) It will usually be necessary with human material to confirm 
the diagnosis by inoculation. A fully developed male guinea-pig 
is chosen, and a bttle of the discharge or an emulsion of the 
material (0-5 to 1 c.c.) is injected intraperitoneally, if the material 
be fairly sterile, but if not, subcutaneously. In three to five days 
the animal should show the characteristic swelling of the testicles 
if the material be glandered. 

(4) In animals the mullein test may be applied. The dose may 
be injected subcutaneously in the neck over tlie vertebrae, and 
midway between the jaw and the shoulder. 

A complete reaction comprises (i.) a rise of temperature of 
more than 2 5° F. } occurring between the twelfth and twentieth 
hour after inoculation, (ii.) an extensive hot and painful swelling 
at the seat of inoculation. Systemic disturbance, such as prostra- 
tion, loss of appetite, shivering, etc., may occur. 

The temperature reaction is unreliable if the animal’s tempera- 
ture at the time of inoculation is 2*5° F. above normal. In such 
cases, if there be any suspicious clinical signs to assist, reliance 
may be placed upon the local swelling. 

Mallein is now usually injected into the eyelid. A concentrated 
mallein is used and 2 minims are injected under the skin of the 
under-eyelid near the middle. The eyes are inspected twenty-four, 
thirty-six and forty-eight hours after the injection. A positive 
reaction consists of a discharge of mucus from the inner canthus 
and of a characteristic tender swelling of one or both eyelids, more 
or less closing the eye. 

(5) An ophthalmo -reaction is stated to he reliable both in man 
and in animals. 

(6) In animals the agglutination reaction is stated by Moore 
and Taylor * to give accurate results. In man this test might 
he inconclusive (see p. 275). 

(7) In the tissues the glanders bacillus is difficult to demon- 
strate. Sections may be stained for half an hour with carbol- 
methylene blue, treated with 4 per cent, acetic acid for a few 
seconds, washed, and rapidly dehydrated with alcohol, cleared and 


* Jourrt. of Infect. Diseases , Sup. No. 3, May, 1907, p. 85. 
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mounted. McFadyean recommends, after treating with acetic acid 
and washing, flooding with a saturated solution of tannic acid in 
water for fifteen minutes, washing, counter-staining in a X per cent, 
aqueous solution of acid fuehsin for fifteen to thirty seconds, 
washing, dehydrating, and clearing in cedar oil. 

Melioidosis.* 

Whitmore first described this rare disease of man occurring in 
Rangoon, and having some similarity to glanders. The causative 
organism (Bactei inw. whiUnori) is a motile Gram-negative bacillus, 
showing bipolar staining with Leisliman^s stain, and morpho- 
logically like the glanders bacillus, hut killing guinea-pigs with 
septicsemic symptoms and not affecting the testes. It grows well 
and luxuriantly on culture media. On glycerin agar it forms a 
wrinkled growth not unlike that of tubercle ; it liquefies gelatin 
and curdles milk. On potato the growth is first cream-coloured 
and later yellow. Glucose, and sometimes other sugars, is fer- 
mented with acid production only. It is pathogenic for the rat 
and rabbit, but not for the horse. Wild rats may be naturally 
infected. It is not known how r man becomes infected. 

£C Acid -fast ” Bacilli. 

An important characteristic of the tubercle, leprosy, smegma, 
and certain other bacilli is the projicrty they possess when stained 
with fuehsin of retaining the red colour after treatment with a 
strong solution of a mineral acid (25 per cent, sulphuric or 30 per 
cent, nitric). They are therefore termed 44 acid-fast.” Most 
other organisms are rapidly decolourised even by 1 or 2 per cent, 
sulphuric acid, but it must be recognised that several apparently 
saprophytic bacilli are also 4k acid -fast. 5 5 This property of acid- 
fastness ” is due to fatty or waxy substances within the bacilli 
(see p. 284), and it is stated that cultivation of certain saprophytic 
organisms in media containing butter converts them into acid- 
fast forms. 

L< Acid -fast ” bacilli are also present in Johne's disease, occa- 
sionally in rats, in butter (Petri, Rabin owitsch, Rubner), on 
certain Graminacese (the 44 Timothy -grass bacillus ” of Moeller), 
and in dung (the 44 Mist bacillus ”). It has been suggested that 
these saprophytic acid-fast bacilli are derived from the tubercle 
bacillus, but there is no confirmation of this. 

The Streptotrichese occasionally exhibit 44 acid-fast ” proper- 
ties. All the acid-fast bacilli seem to be Gram-positive. 


* See Stanton and Pletcher, Lancet , 1925, vol. i., p. 10. 
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Tuberculosis. 

The conception of tuberculosis was originally an anatomical 
one, the name being given to a condition in which the organs 
were studded with little greyish nodules, which were termed 
tubercles. Laennec was the first to describe the characters of 
the tubercles, and traced with considerable accuracy their 
development from minute nodules, the miliary tubercles, up 
to the large cheesy masses which may be met with in the glands 
and lungs. 

Microscopically, the structure of a young and typical 
tubercle is generally characteristic. At the centre one or more 
giant cells are found — large protoplasmic masses, each con- 
taining ten to twenty nuclei arranged round the periphery 
(Plate XII., b). They are of the nature of plasmodia, similar to 
the masses of fused cells which surround a foreign body in the 
lower animals ( Adami), and are endothelial in origin. The giant 
cells axe embedded in a mass of epithelial-like cells with large 
and distinct nuclei, known as epithelioid, or more properly 
endothelioid, cells. A zone of smaller cells with scanty proto- 
plasm and small nuclei surrounds the endothelioid cells ; they 
are known as lymphoid cells from their likeness to the cells of 
lymphoid tissue. One or other of the components may be 
wanting, and none can be said to be absolutely characteristic 
of the tubercle. The nodule is devoid of blood-vessels, and as 
its size increases by growth at the periphery the central parts 
undergo degenerative changes, and may become either 
structureless or hyaline, or be converted into a soft yellowish 
material somewhat like cheese and termed caseous. An 
ordinary tuberculous nodule is composed of several adjacent 
tubercles. More or less extensive inflammatory reaction 
ensues in the tissues surrounding the tuberculous nodule, and 
the cellular elements often become spindle-shaped and ulti- 
mately fibrous, so that the nodule becomes enclosed by a 
capsule of fibrous tissue which may contract and convert it 
into a fibrous nodule. After caseation has occurred calcification 
may follow — that is, lime-salts are deposited and the nodule 
is converted into a calcareous mass. 

Bo far back as 1865 Villemin showed that inoculation of 
rabbits with human caseous material was followed by a develop- 
ment of nodules similar in all respects to the miliary tubercles 
in man. Cohnheim, Burdon Sanderson, and Wilson Pox con- 
firmed this observation, and it was subsequently shown that 
non-tub erculous matter is unable to set up tuberculosis. 
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Tuberculosis was thus proved to be inoculable and to be a 
specific infective disease, and attention was next directed to 
the discovery of the causative micro-organism. In 1882 Koch 
announced that he had found a special bacillus, the tubercle 
bacillus, in tuberculous tissues, which could be isolated and 
cultivated, and which reproduced the disease on inoculation. 

The Tubercle Bacillus. 

Morphology. — The tubercle bacillus ( B . [ Mycobacterium ] 

tuberculosis) is a slender rod, often slightly curved, and 
averaging 2—3 \jl in length, though the length varies in sputum 
and in the tissues from 1*5 yu to 6*5 jjl ; in cultures it tends to 
be short, on serum being about 1 jjl to 2 /z. In stained pre- 
parations one or more unstained intervals are often seen in 
the rods (Plate XII., a; Plate XIII., a and b), which have 
been considered by some to be spores. As spores are single 
and not multiple, and are regular spherical or ovoid bodies, 
and as the amount of “ beading ” varies with different 
staining methods, it is probable that the beading is partly 
due to segmentation of the protoplasm, and is partly an 
artifact due to the staining process, and is not a spore forma- 
tion. The tubercle bacillus may, however, form spores, though 
this is a debated point. Some observers have described clear, 
regular, unstained spaces m bacilli from old cultivations, and 
consider these to be true spores. 

The tubercle bacillus is a non-motile, strictly parasitic 
organism (it has been described as being motile and flagel- 
lated). It usually occurs singly, occasionally linked in twos 
or threes so as to form short chains, and under certain 
conditions, especially in old cultures, branched filaments 
develop, so that Poulerton and others include it among the 
filamentous forms, and the Americans place it in the Order 
Actinomycetales. The bacillus is agglutinated by the blood- 
serum of a tuberculous individual or animal. There are several 
varieties of the tubercle bacillus (see pp 287 and 288), but the 
general morphological, staining, and cultural characters are 
much the same for all. Yattis * finds that tuberculous par- 
ticles are present in sputum, pus and old broth cultures, which 
will pass through a Chamberland L3 candle and are infective. 

Staining Reactions. — The tubercle bacillus from whatever 
source stains indifferently with watery solutions of dyes, 
prolonged treatment with, or warming, the solution being 

* Ann. de Vlnst. Pasteur } 1924, vol. xxxviii., p. 452. 
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required. It stains well by Gram’s method. It also stains well 
and deeply with carbol-fuchsin, particularly on warming, and 
when so stained is markedly resistant to the decolourising action 
of 25—30 per cent, mineral acid and also of alcohol ; that is to 
say, it is “ acid-fast ” and £i alcohol-fast,” and this property is 
made use of for demonstrating its presence. This <£ fastness ” 
is due to the chemical constitution of the bacillus (see p. 281). 
Some of the bacilli in the lesions, particularly when old or 
healing, probably do not stain, and red-staining granules may 
more ox less take the place of definite bacilli : these are the 
££ splitter ” forms of Spengler. 

Cultural Characters.— The tubercle bacillus is aerobic and 
facultatively anaerobic, and thrives best at a temperature of 
37° C. or thereabouts, but development even then is slow, 
four weeks at least being required for an appreciable growth. 
Primary cultivations from the lesions cannot be obtained on 
ordinary culture media, but should be made on (a) Dorset's 
egg medium, (b) glycerinated potato in Roux’s or other tubes, 
the bulb being filled with 5 per cent, glycerin in physio- 
logical salt solution, (c) glycerin brain agar, or ( d ) glycerinated 
serum (preferably dogs’). Cultures direct from the sputum 
may be obtained after treatment of the sputum with anti- 
formin (p. 299). Dorset’s egg medium is prepared thus : the 
contents of four eggs are well beaten up, 25 c.c of water are 
added, and the mixture is strained through muslin. The fluid 
is then tubed, and the tubes are heated in the sloping position 
to 70° C. for four hours. At the time of inoculation, a drop or 
two of sterile w T ater should be added. Brain agar is prepared 
by making a 3 per cent, nutrient agar of -+- 20 reaction, adding 
an equal volume of pounded ox-brain, and sufficient glycerin 
to make 5 per cent, in the mixture, and sterilising. Egg broth 
is also a good culture medium. 

After culture on these media for some generations, the 
tubercle bacillus will develop on 5 per cent, glycerin agar 
(reaction + 15 or 20) and in 5 per cent, glycerin broth (veal is 
best) ; it will also grow, though very slowly, on glycerin 
gelatin at 22° C. Gelatin and blood-serum are not liquefied. 
On glycerin agar the growth forms a dry, crinkled and wrinkled, 
cream-coloured or brownish-yellow film, which has been well 
described as resembling the patches of lichen met with on trees 
(Plate XIII., c), The growth, however, varies considerably, 
both in colour and in the amount of wrinkling, though retaining 
more or less the characteristics just mentioned. On potato 
the growth is more lumpy (Fig. 37). In broth it forms soft, 



PLATE XIII. 



a Tubercle bacilli in sputum Ziehl-Xeelsen and Loftiei's blue. 

, 1300 



b. Tubercle bacilli in sputum. < 1600 c Tubercle bacillus. 

Glycerin -agar cul- 
ture three months 
old 
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cream-coloured, flaky masses, which increase slowly both, in 
size and number, the broth remaining perfectly bright and 
clear. Sometimes a dry crinkled film forms on the surface of 
the broth, and may spread all over it, and tends to creep up 
the sides of the vessel. The virulent organism from the primary 
cultivations is difficult to grow on anything but glycerinated 
potato, egg medium, serum, or 


brain agar. 

Tuberculins. — Extracts and sus- 
pensions of triturated tubercle 
bacilli, human or bovine, known 
as C£ tuberculins/ 5 are employed 
in treatment and for diagnosis. 
Tuberculin is frequently designated 
by a capital T, that prepared from 
a bovine strain having a capital P 
prefixed (P — perlsucht). Thus 
PTft means new tuberculin pre- 
pared from a bovine strain. 

Old Tuber culm (Syn. TO or 
TA= tuberculin — original — alt). — 
This is prepared by growing the 
tubercle bacillus derived from an 
ordinary laboratory culture in 
glycerin veal broth in a shallow 
layer in flat flasks (Fig. 38), so that 
there is a free supply of oxygen 
After some w^eeks an abundant 
growth with copious film formation 
develops , the latter is essential, 
and occurs only if some of the 
growth floats on the surface. The 
cultures, bacilli included, are heated 



at 115° C. in the autoclave for half Fig 37. — Tubercle bacillus. 


an hour, then concentrated over a 
water-bath to about one-tenth of 


Potato culture six weeks 
old. 


their volume, and finally are filtered through porous porce- 
lain , the resulting fluid is syrupy, owing to the concentra- 
tion of the glycerin by the evaporation, is of a dark amber 
colour, and possesses a curious characteristic smell. The large 
proportion of glycerin preserves the fluid, and it keeps in- 
definitely in a cool dark place. 

Non-tub erculous guinea-pigs bear considerable injections of 
this old tuberculin (up to 0*5 c.c.) without harm ; but if they be 
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tuberculous, and if tbe disease is advanced (eight to ten weeks 
after inoculation), doses of 0*01 c.c. produce death ; if less 
advanced (four to five weeks after inoculation) a larger dose, 
0*2 to 0*3 c.c., is required. The post-mortem appearances are 
congestion of the lymphatics and viscera, and dark red spots, 
from mere points to the size of a hemp-seed, on the liver and 
spleen. These are due to enormous engorgement of the 
capillaries in the immediate neighbourhood of tuberculous 
deposits, actual extravasations of blood being rarely found. 
The hsemorrhagic-like spots on the liver are almost pathog- 
nomonic of death from tuberculin. 

Tuberculin should be of such a strength that 0*25 c.c. kills 
all tuberculous guinea-pigs, infected three to four weeks 



Ftg. 38. — Flask for growing tbe tubercle bacillus for preparation 
of tuberculin. 

previously, and 0*1 c.c. kills 50 per cent, of such animals. 
This is one method of standardisation employed ; a cutaneous 
method may also be used.* 

Relatively large amounts of tuberculin (0*1 to 0*5 c.c.) may 
be injected into a non- tuberculous animal or individual without 
effect, but in a tuberculous one a minute dose, 0*001 c.c. or 
less, gives rise to a marked reaction — elevation of temperature 
with constitutional disturbance more or less severe, and swelling 
and tumefaction of tuberculous lesions (glands, ulcers, etc.), 
and this reaction is made use of for diagnostic purposes (see 
p. 302). By cautiously increasing the amount a toleration is 
gradually induced, so that considerable doses cause little or no 
disturbance. Injections of tuberculin tend to produce marked 
changes in the tuberculous parts, leading to necrosis and 
exfoliation, followed sometimes by healthy reaction and repair, 

* Eagleton and Baxter, Brit. J ourn. Mxper. Pathol vol. iv., 1923, p. 289. 
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as is well seen in cases of lupus, but unfortunately these bene- 
ficial results are rarely permanent. 

For treatment, the dose to commence with should not be 
more than 0*0001 c.c., dilutions being made with 0*5 per cent, 
carbolic solution, and the dose is repeated when all reaction 
has passed away and is gradually increased. Tuberculin R, or 
tuberculin BE (see below), is now more generally employed to 
commence with, and after a time may be followed by a course 
of old tuberculin. 

Absolute alcohol precipitates the active principle of tuber- 
culin in the form of a whitish flocculent precipitate which 
chemically consists of proteoses. This precipitate, re-dissolved, 
is made use of in the ophthalmic reaction (p. 302). Tuberculin 
applied to the scarified skin also gives a cutaneous reaction in 
tuberculosis (p. 302). 

New Tuberculin ( Sy>i . TR = tuberculin residual). — This is 
prepared from young and virulent cultures of the tubercle 
bacillus. The grow T th from a solid medium is collected, dried 
in vacuo 5 and triturated in a porcelain ball mill (p. 35). Of the 
triturated material, 1 grm. is treated with 100 c.c. of distilled 
water, and centrifuged. The supernatant liquid, containing 
water-soluble toxins, is rejected, and the residue is collected, 
dried, again triturated, treated with water, and centrifuged. 
The supernatant liquid is carefully pipetted off and kept, while 
the residue is again submitted to the same treatment, and the 
process is repeated until no solid residue remains. The fluids 
are then mixed, the solid content is estimated gravimetrically, 
some glycerin is added, and the liquid is diluted to the correct 
volume, so as to contain 2 mgm. of solid matter per cubic 
centimetre, and for use is diluted with 20 per cent, sterile 
glycerin solution. 

Tuberculin R, according to Koch, possesses distinct immu- 
nising properties, and causes neither reaction nor suppuration. 

For treatment of tuberculosis in man the initial dose is 
equivalent to not more than to u u o u~ i u u n u~ x obo of 

solid matter, according to the nature of the case. The doses 
are usually given subcutaneously at intervals of ten to fourteen 
days. According to Eatham, tuberculin may also be given by 
the mouth. Cases of cutaneous or localised tuberculosis react 
best. 

Tuberculin , bacillary emulsion (BE), consists of triturated 
virulent tubercle culture emulsified without previous washing 
in 50 per cent, aqueous glycerin. The mixture is allowed to 
sediment until all heavy particles have deposited, the milky 
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supernatant fluid is pipetted off, and standardised so as to 
contain 5 mgm. of solid matter per cubic centimetre. The 
dosage is similar to that of tuberculin It. 

Many other tuberculins have been prepared, e.g , Behring’s 
tulase ox TC, obtained by treating tubercle bacilli with chloral ; 
Rosenbach’s tuberculin, prepared by growing the tubercle 
bacillus with the ringworm organism ; and Briedmann’s, 
derived from a turtle tubercle bacillus. Dreyer prepared a 
bacillary emulsion with cultures extracted with hot acetone 
in order to remove the waxy materials. Such de-fatted ox 
“ diaplyte 53 vaccine does not seem to be more successful than 
others. Any tuberculin may be prepared with a human or 
with a bovine strain of bacillus. 

Chemical Products. — The tubercle bacillus produces no extra- 
cellular toxin. Crookshank and Herroun obtained from 
glycerin broth cultures a proteose and an alkaloidal body. 
The proteose was also obtained from 4C perlsucht.” Both the 
alkaloid and the proteose (from both sources) produced a rise 
of temperature in tuberculous guinea-pigs, while in healthy 
animals the former caused a slight, and the latter a marked, 
fall in temperature. 

De Schweinitz and Dorset described chemical products 
isolated from a special glycerin-asparagin culture medium. 
Brom the bacilli themselves an acid body was isolated, probably 
teraconic acid, an unsaturated fatty acid. A certain amount 
of the same body was also obtained from the special culture 
medium, but only a trace from glycerin broth cultures, not 
because it was not formed in the latter, but because of the 
difficulty of isolation. This acid seemed to produce on injection 
depression of temperature and necrosis of the tissues locally, 
possessed some immunising power, and may he the substance 
producing caseation in the tuberculous nodules. The bacilli 
extracted with hot water yielded an albuminoid, which gave 
the tuberculin reaction. This they regard as the fever-pro- 
ducing substance. 

Bulloch and Macleod * state that the acid-fast substance of 
the tubercle bacillus is an alcohol. Hot xylol wall remove this 
substance from the tubercle bacillus, and ether or 5 per cent, 
caustic soda that from the smegma bacillus ; the organisms 
after this treatment are no longer <c acid-fast. 5 ’ Goris, in an 
elaborate study of the chemical composition of the tubercle 
bacillus,']' ascribes the acid-fast property to certain lipoid sub- 

* J ourn, of Hygiene, vol. iv_, 1904, p. 1. 

t Ann. de V Inst. Pasteur , xxxiv., 1920, p. 497 (Bibliog.)- 
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stances. He extracted from tlie bacilli a new ether (hyalinol), 
a mixture of waxes (including mykol ), a mixture of fats (gly- 
cerides of several fatty acids) and a nucleo -protein. 

Maragliano states that toxic bodies are present in the blood 
and urine of tuberculous individuals. Cellulose also seems to 
be present in small amount in the bacilli (it has also been 
found in tuberculous nodules). 

Tubercle bacilli, living or dead, are with great difficulty 
absorbed when in any quantity. The dead bacilli when injected 
under the skin invariably cause suppuration, and several 
months later it is still possible to detect in the pus numerous 
bacilli which stain well ; introduced into the circulation of 
rabbits they give rise to nodules in the lungs similar to the 
tuberculous nodules produced by living bacilli (Koch). 

Action of Heat and Antiseptics on the Tubercle Bacillus. — 
The thermal death-point of the bacillus has been the subject 
of some controversy. Sternberg found that tuberculous 
sputum exposed for ten minutes to temperatures of 90°, 80°, 
and 66° C. failed to infect guinea-pigs, while another specimen 
of the same sputum heated for ten minutes at a temperature 
of 50° C. produced tuberculosis m a guinea-pig, so that from 
these experiments the thermal death-point lies between 50° 
and 66° C. 

Yersin in 1888, by culture methods, failed to obtain any 
growth from bacilli which had been heated to 7 0' C. for ten 
minutes, while those heated to 55° C. and 60° C. gave growths 
in glycerin broth in ten days and twenty-two days respectively. 
Foulerton found that emulsified tuberculous material from 
tuberculous guinea-pigs did not lose its power of infecting 
unless heated at 70° C. or over for ten minutes. 

Campbell Brown found that in milk tubercle bacilli were 
killed at 60° C. in twenty minutes, and at 70° C. in five minutes 
(see also “ Milk 55 in Chapter XXII.). 

The tubercle bacillus offers considerable resistance to the 
action of antiseptics and germicides. Yersin found that it was 
killed by 5 per cent, carbolic acid in thirty seconds, by 1 per 
cent, in one minute, by absolute alcohol in five minutes, and 
by mercuric chloride, 1—1,000, in ten minutes. Crookshank 
found that tuberculous sputum mixed with an equal volume 
of 5 per cent, carbolic was rendered innocuous in a few minutes, 
and this without any special precautions as to breaking up the 
masses. 

Pathogenesis, etc. — Man is frequently the subject of tuber- 
culosis, the site and nature of the manifestations of which tend 
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to be different at different age periods. In the very young, 
general miliary tuberculosis, tuberculous meningitis, and 
tuberculous disease of the peritoneum, intestine, and mesen- 
teric glands (tabes mesenterica) are the commonest ; in older 
children, up to the age of puberty, the lymphatic glands, 
especially in the neck, the joints and bones, and the skin (lupus) 
are mostly attacked ; young adults suffer from disease of the 
lung (consumption, phthisis), and older people from chronic 
disease of the lung and tuberculous disease of the urinary 
organs and testes, and of the suprarenal capsules (Addison’s 
disease). Scrofula and struma were terms formerly much 
employed ; both denote a swollen neck, and were applied to 
cases suffering from chronic tuberculous inflammation with 
enlargement of lymphatic glands, especially the cervical, with 
which other conditions, such as inflammations of the ear, 
throat and eye, and implication of bones and joints, are fre- 
quently associated. Native races, naturally free from tuber- 
culosis, are very prone to infection if the disease is introduced 
among them. 

It has been asserted that tubercle bacilli are present in the 
blood in the majority of cases of human pulmonary tuber- 
culosis. This does not seem, however, usually to be a fact, and 
Schroeder and Cotton tested the blood of forty-two cattle in 
all stages of tuberculosis by inoculation into guinea-pigs with 
negative results. 

The majority of the domestic animals are also subject to 
tuberculosis. It is most common in the ox, pig, and horse, 
much less so in the sheep and goat, cat and dog. It is frequent 
in the fowl, pigeon, parrot, peacock and other domesticated 
birds. Wild animals, both mammals and birds, in their native 
state, are not known to suffer from spontaneous tuberculosis, 
but in captivity are prone to be attacked, and a large number 
of the deaths in Zoological Gardens, particularly among the 
apes, are due to this disease. 

The distribution of the bacillus in the tissues varies con- 
siderably. In young and active tubercles the bacilli are more 
plentiful and more easily demonstrated than in older and more 
chronic ones. They tend to be more numerous in some animals 
than in. others — in the ox and horse than in man, for example. 
In man the bacillus is frequently difficult to demonstrate (by 
staining) in enlarged and caseating glands, in pus, in synovial 
membranes and particularly in lupus. In some animals, 
especially the ox and horse, bacilli can usually be readily 
demonstrated, and may be present in large numbers, and fre- 
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quently have the typical distribution, viz , within and at the 
periphery of the giant-cells, though they are by no means con- 
fined to this locality (Plate XII., b). The bacilli are com- 
paratively scanty in the lesions in guinea-pigs. 

In the ox the tuberculous lesions are most frequently met 
with m the lymphatic glands and serous membranes, par- 
ticularly the pleura, and in the lungs and liver, while the fat 
and muscular tissues, which constitute the major part of 
ec meat, 5 ’ are very rarely affected. On the pleura the growths 
take the form of nodular masses, winch from their arrange- 
ment are popularly termed “ grapes 55 or fie angle berries/ 5 the 
“ perlsucht 55 of the Germans. 

In carp, tubercle-like nodules are occasionally met with in 
w T hich a bacillus resembling the tubercle bacillus in morphology 
and staining reactions is present. It grows, however, much 
more freely than the mammalian tubercle bacillus, and though 
inoculable into fish and frogs, is non-inoculable into warm- 
blooded animals. It is said to yield a tuberculin winch reacts 
with mammalian tuberculosis ; but this is dubious, and 
Calmette * states that the piscian acid-fast bacillus is distinct 
from the mammalian and avian tubercle bacilli. 

Bird or avian tuberculosis differs in many respects from 
mammalian tuberculosis. The tuberculous new formations 
may be very large, but do not show nearly such a disposition 
to caseation or suppuration as the human lesions. Epithelioid 
cells form the major part of the growih, and giant-cells are 
very infrequent. Enormous numbers of bacilli may be present 
in the tissues ; m places they may be so numerous and closely 
packed as to form distinct masses or nodules. The avian 
bacillus is similar in morphology and staining reaction to the 
mammalian bacillus, but on cultivation and inoculation various 
differences between the two races become evident. Thus, mice 
and rabbits are easily infected with the avian bacillus, but 
guinea-pigs are resistant. Fowls and swine are rarely infected 
with human bacilli, but swdne are susceptible to infection with 
avian bacilli. 

The mammalian bacilli flourish best at about 37° C., and 
growth ceases at 41° C., whereas the avian bacilli thrive 
luxuriantly at 43° C., and the growth of the latter on glycerin 
agar is much moister and more wrinkled and often more pig- 
mented than that of the former. By cultivation on boric-acid 
agar and on eggs, etc., the mammalian bacilli are stated to 
assume the characters of the avian. 

* IS Infection Bacillaire et la Tuberculose , 1920. 
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Avian tuberculosis is of considerable practical importance 
as attacking poultry and many other birds in captivity. A 
few cases have been recorded in which the bacilli cultivated 
from human cases were of the avian type, and therefore prob- 
ably derived from an avian source of infection. Two types of 
tuberculosis also occur in the horse — one in which the lesions 
are chiefly abdominal and the infecting bacillus is of the avian 
type ; in the other the lungs and bronchial glands are most 
affected, and the bacillus is generally of the ordinary mam- 
malian type. 

Relation of Human and Bovine Tuberculosis. — It had 
long been known that differences exist between the human and 
the bovine tubercle bacillus, but up to 1901 such differences 
were regarded as merely environmental and not fundamental. 
Thus, the bovine bacillus tends to be shorter and thicker and 
less readily cultivated than the human bacillus, and human 
tuberculous material injected into a rabbit generally produces 
small discrete lesions which tend to retrogress, while bovine 
material induces a progressive disease with large caseating 
masses.* In 1901, however, Koch stated f that young cattle 
and swine cannot he infected with human tuberculous material, 
and he therefore concluded that human and mammalian 
tubercle bacilli are essentially distinct. As a result of his 
experiments he made the statement that though the impor- 
tant question whether man is . susceptible to bovine tuber- 
culosis at all is not yet absolutely decided, if such a suscepti- 
bility really exists, the infection of human beings is but a very 
rare occurrence.” 

These views were so revolutionary that a Royal Com- 
mission was appointed to investigate the question, and carried 
out a large amount of experimental work. Thirty different 
viruses isolated from cases of tuberculosis occurring spon- 
taneously in bovines were studied, and the results of intro- 
ducing them into a number of different animals by feeding and 
inoculation recorded. It was found that in calves, inoculation 
usually causes generalised progressive tuberculosis, but the 
effect is somewhat dependent on the dose, i.e ., the number of 
bacilli, administered. Thus, whereas 50 mgm. of culture always 
induced a fatal generalised progressive tuberculosis, in two 
instances much smaller doses — 0*01-0-02 mgm. — produced only 
limited retrogressive tuberculosis. Feeding, on the other hand, 

* The bacilli derived from tuberculosis of the sheep, pig, and horse (pul- 
monary lesions in the last-named) are also of the bovine type. 

f See Brit,. MeaL Journ., 1901, vol. ii., p. 189. 
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usually produced lesions limited to the neighbourhood of the 
digestive tract, which generally retrogress and become cal- 
careous. The bovine bacillus, when introduced into rhesus 
monkeys or chimpanzees, either by inoculation (even in so 
small a dose as 0-001 mgm.) or by feeding, induces rapid 
generalised tuberculosis, and, considering the close relation that 
exists between the anthropoid apes and man, these results 
are of the highest importance. In pigs, generalised progressive 
tuberculosis is readily set up both by feeding with, and by the 
inoculation of, bovine bacilli. Goats, dogs, and cats are 
relatively less susceptible, but to a varying degree tuberculous 
infection can similarly be produced in them. The bacillus of 
bovine tuberculosis is, therefore, not so constituted as to act 
on bovine tissues only, and the fact that the bovine bacillus 
can infect the anthropoid apes even more readily than the 
calf suggests that it may readily infect man. The viruses 
isolated from sixty cases of the disease in man were also studied, 
and could be divided into two groups, subsequently referred 
to as Group I. and Group II. The bacilli of Group I. com- 
prised fourteen viruses, one obtained from sputum, three from 
tuberculous cervical glands, and ten from mesenteric glands 
of primary abdominal tuberculosis m children. The results 
produced by introducing these viruses into animals were 
identical with those produced by the bovine bacillus. The 
bacilli of Group II., comprising forty viruses obtained from 
various forms of human tuberculosis — cervical glands, mesen- 
teric glands (8), lungs and bronchial glands (10), joint and 
bone disease (9), testis, kidney, etc. — grew more luxuriantly 
in culture than those of Group I., and inoculated into calves 
and rabbits did not produce the generalised and fatal disease 
caused by the bovine bacillus, but m rhesus monkej^s and m 
the chimpanzee set up a general tuberculosis. Certain human 
viruses, differing in certain respects from those of Groups I. 
and II., were also met with and are classed as Group III. 

No definite or constant morphological differences between 
the human and the bovine types of bacilli could be detected, 
but the human bacillus grew on culture media more readily 
than the bovine bacillus ; the former is, therefore, termed 
eugonic , the latter dysgonic . In the rabbit, 10 mgm. of serum 
culture introduced by subcutaneous inoculation between the 
shoulders, induces within 100 days after inoculation, for the 
human type of bacillus, little or no infection, for the bovine 
type of bacillus, progressive generalised tuberculosis and 
usually death. 
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As regards the histological appearances of the tuberculous 
process in different animals, Eastwood states that there is an 
underlying unity of the morbid processes produced experi- 
mentally by infection with every variety of bovine and human 
tubercle bacilli. 

In their final Report, the Commissioners conclude that an 
appreciable amount of human tuberculosis is caused by bacilli 
of the bovine type, and that tuberculosis may be communicated 
to man from infected cow’s milk, and from tuberculous meat, 
either beef or pork. 

Of young children who died of wasting disease of the 
intestine, the bovine bacillus was present in nearly half the 
cases. Further, a large proportion of cases of tuberculous 
cervical glands in both children and adults was due to the 
same bacillus. The Report says : “ The evidence which we 

have accumulated goes to demonstrate that a considerable 
amount of the tuberculosis of childhood is to be ascribed to 
infection with bacilli of the bovine type transmitted to children 
in meals consisting largely of the milk of the cow. 

We are convinced that measures for securing the pre- 
vention of ingestion of living bovine tubercle bacilli with milk 
would greatly reduce the number of cases of abdominal and 
cervical gland tuberculosis in children, and that such measures 
should include the exclusion from the food supply of the milk 
of the recogmsably tuberculous cow, irrespective of the 
site of the disease, whether in the udder or m the internal 
organs. 55 

Fraser directed attention to the frequency of the bovine 
type of bacillus in the tuberculous lesions of bones and joints 
in children- Eastwood and Griffith * investigated the charac- 
teristics of the tubercle bacilli m 261 cases of human bone and 
joint tuberculosis with the following results : 


Ace period. 

Number cf 
o«xses 
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Bovine 

Af-vpical 

! 

0-5 vears 

47 

31 

11 

! 
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31 
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62 

52 

7 

3 i 
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15 

12 

3 

j Over 25 years 

29 

26 


| Total . 
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55 

i 

10 ! 
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* Journ, of Hygiene, voi, xv, 3 1916, p 25. 
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The percentages of e£ bovine 55 cases are : 

All ages (55 out of 261). . . 21* * * § 1 per cenc. 

Under 10 years (45 out of 155) . 29*0 per cent. 

Over 10 years (10 out of 106) . 9*4 per cent. 

Only three of the above patients yielding the bovine type 
of bacillus were over sixteen. In the cervical gland tuber- 
culosis of children under ten years of age, 72 per cent, yield 
the bovine bacillus * Xovick y isolated the tubercle bacillus 
from forty- eight cases of tuberculous meningitis, of which three 
proved to be of the bovine type. 

From the foregoing summary, it is evident that a consider- 
able amount of tuberculosis in childhood is due to infection 
with the bovine type of bacillus. In the adult, however, 
infection with the bovine type is relatively uncommon, and in 
pulmonary tuberculosis the bacillus is invariably of the human 
tvpe.J 

Although Eber § and others claim to have infected calves 
with the human bacillus and to have transformed it by a series 
of passages through calves into the bovine type, the human 
and bovine types of bacilli, as a rule, maintain their characters 
and must be regarded as being essentially distinct. The same 
may be said to be the case with the avian bacillus. 

The channels of infection m tuberculosis are varied, and in 
some localities of the body are still the subject of dispute. 
Direct infection is possible in the case of the skin, the ali- 
mentary tract and the genito-urmary tract In the last- 
named, however, infection by way of the blood-stream is far 
commoner than by the direct route, and the same may be said 
of infection m other regions. 

The channel of infection m primary pulmonary tuberculosis 
has been the subject of considerable controversy. Three routes 
suggest themselves, directly by the air, or indirectly by way 
of the lymphatics or of the blood-stream. Direct infection by 
inspired air carrying tubercle bacilli is undoubtedly possible, 
but it seems to be a rare occurrence. In the dry state ( e.g 
tuberculous sputum dried and powdered), tubercle bacilli in 
the air seem to be carried to the alveoli only exceptionally, 
when, for instance, they are present experimentally in large 
numbers. Under natural conditions they would probably 

* Griffith, Lancet, 1917, vol. i., p. 216. 

t Journ. of Med Research, xli., 1920, p. 239. 

j Bulloch, “ Horace Dobell Lecture” 1910. 

§ Centr. f. Bakt , Abt. I. (Orig.), lix , 1911, p. 193 

19 2 
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never be numerous enough to gain access to the alveoli. In 
the moist state, eg in droplets of tuberculous sputum, it is 
much easier to obtain a pulmonary infection experimentally, 
but under natural conditions this mode of infection is probably 
also exceptional. 

Numerous researches indicate that primary pulmonary 
tuberculosis is not only possible by the lymphatic and vascular 
channels, but that infection is generally communicated by 
these routes This is the view of Behring, Ravenel, Calmette * 
and many others. The bacilli are absorbed by the lymphatic 
or blood vessels of the buccal, pharyngeal or intestinal mucous 
membrane and are carried to the alveoli or to the peri-bronchial 
lymphatics. The circum-pharyngeal ring of lymphatic tissue 
may be regarded as a protective barrier, to a considerable 
extent limiting infection by air-borne pathogenic organisms. 
As regards infection of the lungs by the vascular route, this 
is brought about by the arrest in the alveolar or peri-bronchial 
blood capillaries of leucocytes which have ingested tubercle 
bacilli recently introduced into the body by the alimentary 
tract, or derived from a latent focus of infection, more or less 
old, and becoming the site of giant-cell formation. As Calmette 
says “ In all animals, including man, which are susceptible, 
tuberculosis in all regions, lymphatic glands, lungs, etc., 
especially in those forms which develop slowly, results m the 
vast majority of cases from a primary lymphatic, or less 
frequently blood, infection, having as its origin the absorption 
of tubercle bacilli by the alimentary tract, principally by the 
buccal, pharyngeal and intestinal mucous membranes.” 

In 1923 the deaths from pulmonary tuberculosis in England 
and Wales numbered 32,097, while those from other forms of 
tuberculosis were only 8,691, so that at least four-fifths of the 
mortality from tuberculosis in this country must be ascribed 
to infection with the human bacillus derived from human 
sources. Of the non-pulmonary* tuberculosis deaths, a portion 
is caused by the bovine bacillus, which may probably be 
principally ascribed to infection by ingestion of tuberculous 
milk. Even so, the deaths due to the bovine bacillus cannot 
be more than an eighth or a tenth of the number caused by 
the human bacillus. 

The occurrence of tuberculosis in the domestic animals raises 
points of practical importance, especially the occurrence of 
infection from the consumption of meat and milk from diseased 


* IS Infection Baoilla%re et la Tuberculoses 1920. 
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animals. There can be no doubt that the carcase of an animal 
extensively affected with tuberculosis, especially if wasting has 
occurred, should be condemned as unfit for food, and likewise 
all parts in which there are tuberculous deposits. But it becomes 
an important question for the community, financially as well as 
from a hygienic point of view, as to the method of procedure with 
the meat from a beast comparatively slightly affected with tuber- 
culosis — an enlarged gland or two, and a few nodules on the 
pleura. Xo doubt the ideal method in such a case is the con- 
demnation and destruction of the whole carcase, be the amount 
of tuberculosis ever so little ; but financial considerations render 
this procedure impracticable on account of the large amount 
that 'would have to be paid m compensation. Experiment has 
demonstrated that the tubercle bacilli are pi*aetically confined to 
the tuberculous areas and are extremely rarely met with in the 
muscular tissue, and these portions, therefore, it might seem, 
could be eaten with impunity, esjiecially as they would he cooked 
before consumption. (As regards swme, however, tuberculosis 
anywhere condemns the whole carcase.) But there are two risks. 
Firstly, in cutting up a carcase the butcher will most likely use 
the same knife throughout, and in this way may smear the meat 
with tuberculous matter. {Secondly, cooking cannot* be depended 
upon to destroy the bacilli unless the 3 omts are under 6 lb. m 
weight. The abolition of private slaughter-houses and the estab- 
lishment of municipal abattoirs, where the meat "would have to 
be passed by competent inspectors, would prove a safeguard. All 
badly affected carcases would then be condemned, and those 
slightly affected could be separately dealt with. 

Tuberculous milk also raises many important points. Probably 
about 1 per cent, of all milch cows suffer from tuberculous udder, 
and some 5-10 per cent, of all milk samples are infective to guinea- 
pigs, but this does not necessarily indicate that this proportion 
would be dangerous to man, for the material is introduced into 
the guinea-pigs by inoculation after concentration by centrifuging 
(see also section on kt Milk ”). Tubercle bacilli may gain access to 
milk not only when the udder is tuberculous, but also when the 
cows are suffering from tuberculosis elsewhere which is clinically 
recognisable . Thus, when the lungs are affected, bacilli are dis- 
seminated from the air-passages and also by the fieces. It is 
noteworthy that the incidence of abdominal tuberculosis in young 
children occurs just when cow’s milk is a staple article of their 
diet. Pasteurisation of m il k (see section on Milk ”), if properly 
carried out, is probably an important safeguard, and is extensively 
practised at present. Dried milk, now so much used for infant 
feeding, is generally free from tubercle bacilli. 

The elimination by slaughter of all animals which are tuber- 
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culous is impracticable, owing to the cost involved, for com- 
pensation. The course to be adopted is, first, to encourage the 
slaughter of manifestly tuberculous cows, offering compensation 
in amount 'inversely proportional to the degree of tuberculosis 
(thus encouraging early slaughter), secondly, the apparently 
healthy animals to be tested with tuberculin, and those which 
react to be separated from the healthy and to be disposed of (for 
slaughter) as soon as convenient, and m the meanwhile kept as 
much as possible in pasture. 

Tuberculosis is diminishing among the white races, but is 
tending to spread among many coloured races , m Great Britain, 
the tuberculosis deaths m 1923 were less than half those in 1883. 
It is to be noted that the dechne m this country began long before 
the germ origin had been demonstrated, and, what is more, the 
rate of dechne was almost as great before any administrative 
measures were taken as since. Nevertheless, it can hardly be 
doubted that measures should be adopted by local authorities 
and others to prevent the spread of tuberculosis. All forms of 
tuberculosis are now notifiable m this country. Patients should 
be warned of the danger of disseminating their expectoration, and 
should use pocket -spittoons containing an antiseptic, or handker- 
chiefs (such as the Japanese paper ones) which can be destroyed. 
Booms which have been inhabited by tuberculous patients should 
be disinfected, for wbicb purpose Delepine recommended spraying 
with a 1-100 solution of chloride of lime. Although the occur- 
rence of direct infection can rarely he proved, the possibility of 
this cannot be ignored. Not only should the dissemination of 
infection he prevented, hut the resistance of the individual should 
be raised by providing a healthy environment and by inculcating 
the importance of fresh air. 

Serum Therapeutics and Vaccine. — Many sera have been 
introduced for the treatment of tuberculosis, e.g Maragliano’s, 
Marmorek’s, Spengler’s,* Sparhnger’s, etc., but none can be 
said to have been proved to be of definite value. Various other 
substances, e.g., colloidal gold preparations, have also been 
tried without much success. 

For vaccine treatment , tuberculins R and BE are usually 
employed (p. 283). Their value in treatment is limited, par- 
ticularly in pulmonary and visceral tuberculosis. Latham has 
found that tuberculin given 'per os produces its characteristic 
effects. 

Immunity. — Attempts have been made from time to time 
to produce immunity against the B. tuberculosis , particularly 

* Bee Treatment of Tuberculosis by Immune Substances (I.K.) Therapy. 
Fearis (John Murray, 1912). 
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in cattle. Thus McFadyean found that heifers which had 
previously been subjected to repeated doses of tuberculin (old) 
in some cases resisted infection with virulent bacilli. Behring 
employed human tubercle bacilli for the vaccination of cattle 
with satisfactory results. Theobald Smith also found that 
vaccination of calves with the human type of bacillus is harm- 
less, and that the procedure leads to a relatively high resistance 
to fatal doses of the bovine bacillus. 

Calmette * states that bovine bacilli cultivated for several 
generations upon a glycerin-bile medium develop a race which 
is non-tuberculigenous and is tolerated by bovines, that it acts 
as a vaccine, and by intravenous inoculation protects the 
animals from both experimental and natural infection. 

Nathan-Kaw has also introduced the use of a vaccine derived 
from an avirulent strain as an immunising agent in cases which 
are suspected to have a tendency to develop tuberculosis. 
The avirulent strain was obtained by continuous culture for 
more than 100 generations. 

Clinical Examination. 

I Comjjlement-Jij ation — Many methods have been inoposed 
for tins, the antigen being the chief source of difficulty. Williams 
and Bryce f prepaie the antigen as follows Several strains of 
human tubercle bacilli are grown on the surface of glycerin broth 
for four to six weeks, until the surface is covered with, pellicle. 
The Kroth is then poured off the growth and the flasks are steamed 
for one hour at 100° C. to kill the bacilli. The mass of culture is 
removed from each flask by the addition of a little saline, and the 
cultures are mixed and dried at 40° C. after removal of the fluid by 
filtration. The dry material is ground to a fine powder and kept 
in the ice-chest. One gram of this dry bacillary powder is weighed 
out aseptically, thoroughly ground up m an agate mortar with the 
addition, drop by drop, of 0*5 per cent, carbolised saline until a 
homogeneous mixture is obtained. This is placed in a sterile 
bottle and the volume made up to 100 c.e. with the carbolised 
saline. The mixture is well shaken every day for ten days, after 
which the supernatant fluid is pipetted off and thoroughly centri- 
fuged until quite clear and practically free from bacilli. This 
fluid forms the antigen and seems to be fairly stable. 

Blood is withdrawn from a vein, mcubated at 37° C. for twenty 
minutes, the clot is loosened and the whole is placed m tbe iee- 


* Ann. de rinst. Pasteur , xxxiv , 1020, p. 554; ibid., xxxvm., 1924, 
p. 371. 

f Journ. Patholog . and JBacterioL, vol. xxvii., 1924, p. 401. 
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chest for twenty -four hours. The serum is then pipetted off, 
diluted with four times its volume of saline and inactivated for 
twenty minutes. 

G-uinea-pig complement is used, is titrated as in the Wassermann 
test (which see) and diluted with saline so that 3 M.H.D ’s are 
contained in 0 1 c.c. 

The haemolytic system contains 3 per cent, sheep’s corpuscles 
and 4 M.H.D.’s of haemolytic serum in 0 1 c.c. (see Wassermann 
test). Each serum is tested with antigen with 3, 4J, and 6 M.H I) ’s 
of complement and also m saline without antigen, and a series of 
controls is also put up. The following table shows the method • — 


Reagents 

Each serum 

Antigen 

Saline 


C 

Saline 

3ntrols (no semm) 

Antigen 

j 

c c 

c c 

c o 

c c 


c c 

c e 

1 < 

< c 

Saline 

0*1 

0 05 

— 

0 2 

1 

0 3 

0 2 

0 15 

0 1 

Serum 

0 1 

0 1 

0 1 

0 1 


— 

— 

— 

— 

Antigen 

0 1 

0 1 

0 1 

— 
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0 1 

0 l 

0 1 

Complement . 

0 1 

0 15 

0 2 

0*1 


0 1 

0 1 

01 5 

0 2 


The mixtures are incubated at 37° C. for one hour and then 
0*1 c.c. of haemolytic system is added to each tube, and the tubes 
are incubated again until the controls are liaemolysed or up to one 
hour. The tubes in the fourth column and of the saline and 
antigen controls must all show complete haemolysis. No result is 
positive unless there is complete absence of haemolysis m the first 
column, i.e., with 3 M.H.D.’s of complement. The test is stated 
to be specific, but a negative result does not exclude tuberculosis. 
A strongly positive reaction (absence of haemolysis m the third 
column) generally indicates an active form of the disease. Pleural 
or synovial fluid and cerebro -spinal fluid (not inactivated) may be 
tested in the same manner. 

II. Precipitin Reaction . — Spengler devised a precipitin reaction 
for the diagnosis of, and prognosis in, tuberculosis. The reagents 
are the blood-serum or the laked whole blood, or both, very highly 
diluted and mixed in different dilutions with tuberculin. 

Ill- Agglutination Reaction . — The method of agglutination was 
proposed by Arloing and Courmont for the diagnosis of tuber- 
culosis, but is difficult to carry out and is not much employed. 
A special method has to be employed to obtain homogeneous 
cultures of the tubercle bacillus or a powder of pulverised or 
ground-up bacilli may be used. The reaction may be carried out 
maeroscopically in small tubes. 

IV. The Examination of Sputum, etc., for the tubercle bacillus is 
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a routine procedure of the greatest value in forming a diagnosis. 
Fortunately, owing to the peculiar staining reaction of the tubercle 
bacillus, the method is comparatively simple. 

If it is inconvenient to examine the sputum for a day or 
two a little 1—20 carbolic should be added. This preserves the 
sputum, and the tubercle bacilli retain their staining power for 
months. 

1. Sputum — Film specimens are prepared by smearing a little 
of the sputum on to a slide with a needle so as to form a thin film 
covering two -thirds of the surface, or by placing a particle of the 
sputum on one slide, applying another slide, pressing together, 
and then drawing apart so that a thin film is left on each slide. 
The thick portion of the sputum should be used, the thin mucoid 
portion being rejected. If the sputum is thin and watery, the 
thicker portion can be obtained by covering the bottom of a 
Petri dish with filter-paper, placing a large drop of the sputum 
on this, and working it over the paper with a bent steel needle. 
The paper absorbs the water, leaving the thicker material on the 
surface If there are any small yellow caseous particles present 
these should be chosen, and sufficient material should be used so 
as to form a distinct but not too thick film ; a little experience 
•will soon decide the right amount , too thin a film should be 
avoided the film is dried and fixed m the usual manner 
(generally by licat), and then stained by one of the following 
methods . 

(a) Ziehl-X eelsen Method . — The slides are stained by flooding 
with filtered, undiluted carhol-fuchsm and warming for two to 
five minutes on a piece of asbestos cardboard supported on a 
tripod, or on a heated penny (p 98), or the slides flooded with 
the stain may be held m the forceps and carefully warmed over a 
flame, or the preparations may be immersed in a dish of the stain, 
covered, and placed in the warm incubator for half an houi. In 
no case must the stain be allowed to boil, or the bacilli may lose 
their staining power ; it should only be warmed sufficiently to 
steam (50°— 60° C ), and as evaporation takes place more stam 
(always filtered), or better, 5 per cent, carbolic, should be added. 
After staining, the preparations are rinsed m water and are then 
decolourised by treating with 25 per cent, sulphuric or 30 per 
cent, nitric acid The preparation may be flooded with the 
acid, but a better method is to immerse it in a jar containing 
the acid. In the acid the colour changes after a few seconds 
to a yellowish brown, the preparation is then rinsed in water 
and some of the pink colour returns. The treatment with acid 
and with water alternately is repeated until the preparation is 
nearly colourless when rinsed in water. With sputum this is 
usually the case after three or four rinses m the acid, but it 
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vanes with the thickness of the film and with the number of 
tubercle bacilli present ; when these axe absent the film often 
decolourises more readily than when there are many. The presence 
of blood renders the decolourisation difficult. After decolourising 
and washing, the preparations are stained for half a minute m 
hoffler’s methylene blue, washed in water, and dried. The 
preparation is examined without a cover -glass with the oil- 
immersion after applying a drop of cedar oil to the film, unless a 
permanent specimen is desired, m which case it should be mounted 
m Canada-balsam. 

The tubercle bacilli appear as delicate red rods, often beaded or 
segmented, on a blue background composed of cells, mucus, and 
putrefactive or other bacteria. Occasionally here and there a 
little red colour may be present m addition to the tubercle bacilli. 
Hair and keratinised material generally, such as horny epithelium, 
and red blood-corpuscles, retain the red colour after the foregoing 
treatment, and the spores of bacteria are also liable to retain 
the red somewhat persistently. These exceptions are not, 
however, likely to prove a source of error, for the tubercle bacilli 
should be recognised not only by their red colour, but also by 
their characteristic size, shape, and general appearance. It is 
conceivable that acid -fast bacilli not tubercle might be present m 
sputum, but such an event is a very unlikely one. (See Plate 
XIII. , a and 5.) 

If tubercle bacilli are not found, other specimens should be 
prepared and examined. It is only by repeated examinations on 
different occasions that the negative evidence , the absence of tubercle 
bacilli, becomes of any value . 

The tubercle bacillus is occasionally not acid -fast , probably 
the bacilli m such cases are degenerate, and, like all degenerate 
bacteria, fail to stain well. Spengler claimed that the following 
method will stain these and ‘‘splitter” forms: (I) Stain with 
warm carbol-fuchsin by the ordinary method, avoiding over- 
heating ; (2) pour ofi the stain without washing and treat with 
picric acid alcohol (equal parts of saturated aqueous picric acid 
and absolute alcohol) ; (3) after three seconds rinse with 60 per 
cent, alcohol ; (4) treat with 15 per cent, nitric acid until yellow 
(about thirty seconds) ; (5) rinse again with 60 per cent, alcohol ; 
(6) counter -stain with the picHc acid alcohol until yellow ; (7) 

wash with distilled water. This is an excellent method, and thick 
films may be used. The Schultz -Tigges method is another good 
one. Flood the slide with carbol-fuchsin, heat to steaming and 
continue the heating for one minute. Rinse m water and de- 
colourise in 10 per cent, aqueous solution of sodium sulphite not 
more than three or four days old. Wash thoroughly, counterstain 
in a saturated aqueous solution of picric acid, wash and dry. In 
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material which has been preserved a long time, e.g., sputum with 
carbolic, or tissue in spirit, the bacilli may be much less acid -fast 
than in fresh material. 

When bacilli are suspected to be present but cannot be found 
by the methods described above, the bacilli may be concentrated 
by centrifuging after solution of the sputum. Caustic potash or 
soda (see below), or 10 per cent, sulphuric acid have been used, 
but the reagent usually employed is antiformm, a mixture of 
sodium hypochlorite and sodium hydrate. Into a boiling -tube 
or small flask of 50 c c capacity, 5 c.c. of the sputum are intro- 
duced. To this are added 25 c c. of antiformin solution (10—20 per 
cent, aqueous solution) diluted with 10-20 c c. of water according 
to the density of the sputum. The mixture is well shaken mi til 
homogeneous (about fifteen minutes), then centrifuged, the deposit 
is washed three times with salt solution by centrifuging, and 
films are made with the washed deposit and stained by the Zielil- 
Neelsen or Spengler method. 

If loopfuls of the antiformin deposit are inoculated on to suit- 
able media, pure cultures of the tubercle bacillus can frequently 
be obtained. 

For obtaining cultures of the tubercle bacillus directly from 
sputum and post-mortem material Soparkar * recommends the 
use of caustic soda. From 2 c c. to 5—10 c c. of the material 
are used, according to its richness in bacilli. It is mixed with an 
equal volume of normal sodium hydrate solution and the mixture 
is kept at 37° C. for about half an horn — until the mateiial is 
qmte fluid ; with fluid sputum ten minutes may suffice. At the 
end of incubation, the mixture is neutralised to litmus with 5 per 
cent hydrochloric acid, centrifuged and the deposit used fox 
inoculating the tubes. 

If the tubercle bacillus cannot be detected microscopically 
after repeated examinations, and a certain diagnosis is important, 
the inoculation method may be employed. A couple of guinea- 
pigs are inoculated subcutaneously in the thigh or abdomen with 
0 5 to 1 c.c. of the sputum. If tubercle bacilli are present the 
animals will show signs of tuberculosis m three to six weeks (see 
below, k * Urine ” ). 

( b ) Other methods have been devised for staining the tubercle 
bacillus, but do not seem to be better than the Zielil-IMeelsen or 
the Spengler. The following may be useful for those who are 
colour blind to red : 

Much's Method . — Prepare the following solution : 10 c.c. of 

a saturated alcoholic solution of methyl violet B.N. in 100 c.c. of 
2 per cent, aqueous carbolic ; (1) stain the film with this, warming 


* Indian Journ . Med. Research , vol. iv., 1916, p 28. 
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over the flame, or for twenty -four to forty-eight hours at 37° C ; 
(2) treat with Gram’s iodine solution, one to five minutes ; (3) 
treat with 5 per cent, nitric acid for one minute ; (4) treat with 
3 per cent, hydrochloric acid for ten seconds ; (5) treat with a 

mixture of equal parts of acetone and absolute alcohol The 
tubercle bacilli appear blue -black. 

2. Tissues . — The histological appearance of the tubercle is 
usually sufficient for diagnostic purposes without the demonstra- 
tion of the tubercle bacilli, which in many instances may be 
difficult m human material, as they may be very scanty, or practi- 
cally impossible to find, e.g., m lupus. Sections should be prepared 
either by the freezing or the paraffin method, stained with hsema- 
toxyhn, and counter -stained with eosin, or orange -rubm, or with 
the Ehrhch-Biondi mixture. 

In order to demonstrate the tubercle bacillus in fresh tissue 
smears may be made and stained like sputum, or sections pre- 
pared and stained in warm carbol-fuchsm for about ten minutes. 
For frozen sections the stain may be contained m a watch-glass or 
small glass capsule, and is warmed until it steams, but not boiled, 
on a piece of asbestos cardboard or a sand-bath. Paraffin sections 
should be fixed to the slides with glycerin albumin, and may be 
stained by flooding with the carbol-fuchsin and warming on 
asbestos cardboard, or a heated penny, for ten minutes. After 
staining, the sections are washed m water and are then decolourised 
in 25 per cent, sulphuric acid. This is a longer process than with 
sputum, and the sections after being in the acid for a few seconds 
are washed in water and then returned to the acid, and this alter- 
nate rinsing m acid and in water is repeated until they are nearly 
colourless when placed m water. It is not necessary to remove 
the colour absolutely ; a famt pink remaining does not matter. 
After rinsing in fresh water to remove all the acid, the sections 
are counter-stained in Loffler’s methylene blue for two minutes, 
rinsed m methylated spirit, passed through absolute alcohol 
somewhat rapidly to avoid removmg too much of the blue, 
cleared in cedar oil or xylol, and mounted in balsam. The 
sections may also be counter-stained with haematoxylm or 
Bismarck brown. 

Instead of using the strong acid solution for decolourising, an 
acid alcohol solution may be used with advantage, or 2 per cent, 
aqueous hydrochloride of anilin may be employed. 

Gram’s method may also be used, but is, of course, not distinc- 
tive for the tubercle bacillus. 

Sections may also be first stained with Erhlich’s or other hsema- 
toxylin solution, then stained with warm carbol-fuchsin, washed, 
treated with 2 per cent, aqueous anilin hydrochloride for a few 
seconds, decolourised with 75 per cent, alcohol until the red colour 
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is no longer apparent (fifteen to thirty minutes), and counter - 
stained with an aqueous solution of orange-G-. 

When a positive diagnosis is important, a small piece of the 
tissue may he inserted under the skin of the thigh or abdomen of 
a guinea-pig. If tuberculous, the animal will show signs of 
tuberculosis in three to five weeks (see below, 4k Urine ”). 

Films of pure cultivations of the tubercle bacillus may be 
stained in warm carbol-fuchsin for two to five minutes, rinsed 
in the sulphuric or nitric acid solution, washed, dried, and 
mounted. They can also be stained by Gram’s method, which 
usually brings out the beaded appearance very markedly, or by 
any of the other methods mentioned under Sputum. Differentia- 
tion from the leprosy bacillus will be found at p. 307, and from 
the smegma bacillus and other acid-fast organisms at p. 308. 

3. Uiine — The tubercle bacillus is often very difficult to 
demonstrate m urine. The urine may be allowed to stand m a 
conical glass for twenty-four hours, a drop or two of formalin 
being added, or is centrifuged, and film specimens are prepared 
with the sediment and treated by one of the methods for sputum 
given above. Several specimens should be made and must be 
very carefully examined. The sediment may also be treated by 
the antiformm method. It is important to exclude the smegma 
bacillus, and the urine is preferably drawn off by a catheter. 
Staining may be carried out by Honsell’s method, by which the 
smegma bacillus is decolourised, viz. after staining m warm carbol- 
fuchsin the specimen is washed and dried. It is then immersed 
in acid alcohol (alcohol -f- 3 per cent, hydrochloric) for ten 
minutes, washed m water, counter-stained for a few seconds in a 
saturated alcoholic solution of methylene blue, washed, dried, and 
mounted (see also p. 308). An electrolytic method for the 
concentration of the tubeicle bacilli has been devised by Russ.* 

If bacilli are not found microscopically and a diagnosis is of 
importance inoculation should be resorted to. Two guinea-pigs 
are inoculated subcutaneously m the thigh or abdomen with 
0*5 to 1 c c. of the deposit from the sedimented or centrifuged 
urine, or one may be inoculated subcutaneously, the other intra- 
pentoneally. If tubercle bacilli are present the animals may show 
signs of tuberculosis as early as two to three weeks after inocula- 
tion, but it is usually better to wait five or six weeks before killing 
the animals. The animals are dissected and tuberculous deposits 
are looked for in the glands and spleen. If tubercles are present 9 
smears are made from them, stained and examined for the 
presence of tubercle bacilli, which, however, tend to be very 
scanty in guinea-pig lesions. Sometimes, of course, the animals 


* JProc. Roy . Soc . Lond. s b. 1909. 
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may die from some intercurrent infection before tbe tuberculous 
infection bas bad time to develop. Negative results are nearly as 
valuable as positive ones. 

In faeces, if definite yellow caseous particles can be found, these 
should be picked out, and films made and stained. Antiformm 
may also be used. About 5-6 c.c. of faeces are mixed with 20 c.c. 
of 15 per cent, aqueous antiformm in a conical glass, well agitated 
and broken up, and an equal volume of tbe dilute antiformin is 
tben added. The mixture is allowed to stand for an hour, and 
films are then prepared with tbe white curdy layer which forms, 
stained, and examined. 

4. Milk. — See section on “Milk” (Chapter XXII). 

Y. The Op some Method . — The general mode of carrying this out 
is described at pp. 197-199, the tubercle bacilli being suspended 
in 1*5 per cent, salt solution. 

YI. Tuberculin Reactions — The old tuberculin is used for diag- 
nostic purposes ; it is not perhaps very safe. A dose of 0 0002 c.c. 
is injected subcutaneously, and the temperature taken four- 
hourly during the succeeding thirty-six hours A rise of 2°-3°F. 
or more ensues a few hours after injection in tuberculous subjects. 
If no reaction occurs another dose of 0*0005 c.c. may be given 
after the lapse of some days, followed by a third one of 0 001 c.c. 
if necessary. 

This method bas now almost completely been superseded by 
the cutaneous or by the ophthalmo reaction 

The Cutaneous Tuberculin Reaction. — Yon Pirquet discovered 
that when tuberculin is introduced into the superficial layers of 
the skin of tuberculous individuals, a reaction occurs consisting 
of the formation of a papule with redness, slight swelling and 
exudation, and sometimes small vesicles. This reaction is 
usually at its height twenty-four to forty-eight hours after 
inoculation. In healthy individuals no reaction follows tbe 
inoculation. The method is to scarify a small spot on the fore- 
arm through a drop of a dilution of the old tuberculin, and protect 
the patch with a simple dry dressing Moro has modified tbe 
method by applying the tuberculin to the skin in the form of 
ointment. 

The Ophthalmo -Tuberculin Reaction . — This method was intro- 
duced by Calmette. The inoculating material is prepared by 
precipitating the old tuberculin with alcohol, and a 1—100 solution 
of the deposit is prepared in distilled water. One drop of this is 
instilled into tbe inner half of tbe conjunctiva of one eye. The 
reaction usually occurs six to sixteen hours after medication, and 
appears as a conjunctivitis, ranging from a slight and local red- 
ness up to a severe general conjunctivitis. The inflammation 
usually soon passes off without ill-effect, hut occasionally is 
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severe and even dangerous. On the whole the reaction appears 
to he fairly constant in tuberculous individuals, but absence of 
reaction is not certain proof that the case is not tuberculous. 

VII. Tuberculin for Veterinary Use . — The dose of the various 
preparations in the market varies according to their strength ; it 
corresponds to 0T c c. or 0*2 c.c. of Koch’s original tuberculin. 

The appropriate dose is injected subcutaneously in the neck, 
and the reaction consists of a rise of temperature of from 1-5° to 
6° F. above the average normal, commencing eight to twelve 
hours after injection and lasting twelve to fourteen hours, the 
temperature being taken at the twentieth hour after injection, 
or, if it can be done, at frequent intervals from the twelfth to the 
twentieth hour. The temperature should be taken just before 
inoculation, and, if possible, morning and evening for two or three 
days previous to inoculation. 

A healthy animal is unaffected by the injection, and if an 
animal be extensively affected with tuberculosis the reaction may 
not be given, or may be masked by the fever present. 

An ophthalmo reaction may also be employed m cattle. 

Johne's disease ,* a bovine enteritis, is due to an acid-fast 
bacillus closely resembling the tubercle bacillus m morphology. 
It is found in scrapings of the affected mucous membrane of the 
bowel, and also m sections of the intestinal wall. The Johne 
bacillus is moculable into the goat, but not into the guinea-pig or 
rabbit, and does not grow on any of the ordinary laboratory m edia. 
Tw r ort states that it can be cultivated on the medium employed 
by him for grooving the leprosy bacillus (p. 305), and from the 
cultures a diagnostic vaccine may be prepared, f 

Pseudo -Tuberculosis. 

The term £tf pseudo-tuberculosis 55 (which is not a happy one) 
has been applied to a number of different conditions "which 
have as a common character the presence of tubercle-like 
nodules, but which are not caused by the tubercle bacillus. 
Such are produced by certain parasitic worms, by Blasto- 
mycetes, Streptothnx and Aspergillus , Protozoa, and by several 
bacteria. 

Pfeiffer’s Bacillus pseudo-tuberculosis produces nodular 
deposits in the organs, accompanied by wasting, very like true 
tuberculosis. The disease, however, runs a more rapid course, 
death ensuing in the guinea-pig two to three weeks after 
inoculation. Guinea-pigs, rabbits, mice and monkeys can be 

* McPadyean, Journ. Comp . Path, and Therap vol. sx., 1907, p. 48. 

j* Twort, V etertnary Record , September 14, 1912. 
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readily infected, but not rats or man. Tbe nodules consist of 
masses of round cells wbicb undergo necrosis and caseation. 
The bacillus in the tissues is best stained with carbol-methylene 
blue, as it is Gram-negative and not acid-fast. Morphologically 
it is a small non-motile rod 1-2 /x in length, and may show 
polar staining. Oil gelatin it forms a whitish growth without 
liquefaction, like that of the colon bacillus, but confined to the 
needle-track. It produces alkali m litmus milk. Broth remains 
clear, with a whitish stringy flocculent deposit. The bacillus 
grows xeadily and rapidly. 

The fermentation reactions of this organism and of the 
plague bacillus are nearly identical (see ce Plague,” p. 358), and 
sterilised cultures of either will protect against the other 
(MacConkey). 

Ovine caseous lymphadenitis, a disease of sheep simulating 
tuberculosis, is due to a short, plump bacillus with rounded 
ends which stains well by Gram’s method, and grows best on 
blood serum, on which it forms greyish colonies.* It belongs 
to the diphtheroid group, and also probably causes an ulcera- 
tive lymphangitis in horses. 

A pseudo -tuberculosis of mice also occurs and is caused by 
a diphtheroid pathogenic only for mice. 

Leprosy. 

Leprosy, elephantiasis Grsecorum or true elephantiasis, is a 
disease of which we have records from the earliest times It 
was prevalent in Europe, including the British Isles, from the 
twelfth to the fifteenth centuries. At the present day leprosy 
is met with in Europe only m Scandinavia and Bussia, but is 
still prevalent in other parts of the world : in Persia, India, 
China, Siberia, and Japan ; in Africa from north to south ; 
in many districts of the American continent ; and in the 
Pacific Islands. Three varieties of leprosy are described — the 
tuberculated or nodular, the anaesthetic, and the mixed. 

The mode of spread is probably by personal contact (though 
possibly insects play some part), and throughout ancient and 
mediaeval times leprosy was considered to be a contagious and 
communicable disease, as witness the stringent regulations in 
the Mosaic and other laws for the segregation of lepers. J. 
Hutchinson supposed that fish in the diet, particularly if stale, 
decomposed, or badly cured, in some way is a causative factor ; 
but this view is now discredited 

* Sixteenth Ann. Rep. Bureau of Ammal Indust . U.S.A., p. 638 . 
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A bacillus, the Bacillus [. Mycobacterium ] leprce, is abundant 
in tbe tissues and was discovered by Hansen m 1879. In form 
and staining reactions it closely resembles tbe tubercle bacillus, 
but is perhaps a trifle smaller. Tbe organism as obtained from 
tbe tissues is non-motile, is Gram-positive, which brings out 
tbe beaded appearance well, and is acid-fast. It is somewhat 
more easily stained, and slightly less acid-fast, than the 
tubercle bacillus. 

The Bacillus leprce is found in enormous numbers, usually 
crowded together in bundles or masses, in the leprous nodules 
in the skin (Plate XIV., a), liver, spleen, and testicles ; in the 
affected nerves in the anaesthetic form, and even in the ganglion 
cells of the central nervous system — in fact, any viscus may 
be affected. It may be found in the blood in some 17 per cent, 
of cases. The exact situation of the leprosy bacilli in the tissues 
has been a matter of controversy. By some it has been held 
that they are contained within certain round cells, the so-called 
leprous cells, and this may be so, but to an inconsiderable 
extent. Unna regarded these leprous cells as really being 
transverse sections of lymphatic vessels containing bacillary 
thrombi, and this seems to be usually the case. Giant-cells 
are occasionally present in the leprous nodules. One of the 
most constant and earliest situations in which the B. leprce is 
found is the nasal and post-nasal mucous membrane. 

Although the organism is present m such enormous numbers 
and is so readily demonstrable, its cultivation is difficult or 
impossible. 

Deycke,* by taking fragments of leprosy tissue and incu- 
bating for several weeks in physiological salt solution at 37° C 1 ., 
obtained a growth of a semi-acid-fast streptothrix, S. leproides . 
He is uncertain if this is a true growth of the leprosy bacillus. 
Twort f claimed to have cultivated the B. leprce on a medium 
consisting of eggs, glycerin, and ground-up tubercle bacilli. 
Clegg states that the leprosy bacillus will grow in symbiosis 
with amoebse, and Duval that it grows m 1 per cent, human 
serum in symbiosis with some bacteria. Kedrowsky and 
Bayon claim to have grown the organism on a placental-juice 
agar, and Bayon obtained complement fixation with his 
cultures with leper serum. Eledrowsky’s organism is a non- 
acid-fast diphtheroid, Clegg’s an acid-fast chromogenic bacillus ; 
Duval’s and Bayon’s are acid-fast leproid bacilli. 

In order to explain these varied findings, it has been sur- 

* Brit. Med. Journ ., 1908, vol. i., p. 802. 
f Proc . Roy. Soc. Bond B, 1911. 
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raised, that the B . lejorce is really a streptothrix, that it is acid- 
fast only under certain conditions, viz., in the body or m 
media containing fat, and that under cultivation the strepto- 
thrix may break up into non-acid-fast diphtheroid bacilli or 
into acid-fast leproid bacilli. On the other hand, Fraser and 
Fletcher * made 373 inoculations from thirty-three non- 
ulcerating cases of leprosy on a variety of culture media with 
entirely negative results. Complement fixation, and sero- 
logical methods do not help to solve the problem of the nature 
of the various organisms isolated from leprosy, for the reactions 
obtained with them are not specific, but more of the nature of 
group reactions. More work is therefore required before it 
can be definitely stated that the leprosy bacillus has been 
cultivated. 

A certain number of positive results of the inoculation of 
leprous material into the lower animals have been recorded. 
Nicolle *j~ has reported the successful inoculation of a macaque 
monkey, but most of the attempts have ended in failure ; 
positive results are open to criticism and may be fallacious, 
for lepers not infrequently suffer from coincident tuberculosis, 
and the animals therefore may have been infected with tuber- 
culosis. Japanese dancing mice are also stated to be slightly 
susceptible. The local lesion induced in animals may be 
simply inflammatory, produced by the leprous material acting 
as a foreign body, and the bacilli may be diffused without 
proliferating. Human beings have also been inoculated, but 
the positive results obtained are all open to criticism. 

The differentiation of leprosy from tuberculosis, although 
the bacilli are so similar, does not in the majority of cases 
present much difficulty. The large number of bacilli present 
in the lesions, and particularly in the skin, forms a marked 
distinction from tuberculosis. About 40—50 per cent, of lepers 
without evidence of syphilitic infection give a positive Wasser- 
mann reaction. The serum also gelatinises with formalin 
(Gate-Papacostas reaction) and contains an excess of globulin. 

Gases of leprosy, both of the nodular and anoesthetic varieties, 
have been treated with injections of Koch’s old tuberculin, 
which produces a reaction, sometimes marked, followed by 
some amelioration in their condition. Nicholls and others 
have used extracts of leprous tissue as a vaccine, and Bay on 
states that a filtered extract of the Kedrowsky culture is of 
service for treatment. 

* Lancet , September 27, 1913. 

t Comp. Rend . Acad. JSc., 1905. 
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Deyeke injected a vaccine prepared with his streptotkrix 
into lepers with, apparently a beneficial effect. The acid-fast 
property of the streptothrix resides in a fatty substance which 
can be extracted with solvents, particularly benzoyl chloride. 
The fatty substance Deyeke terms nastin 55 ; it is a neutral 
fat, the glycerin ester of a fatty acid of high molecular weight. 
Injected into leprosy patients, it sometimes produces marked 
reaction. In solution in benzoyl chloride it is much more 
active, and Deyeke introduced it as a curative vaccine in 
leprosy. 

Dean * and others have met with a leprosy -like disease in the 
rat. Marchoux found about 5 per cent, of the sewer rats in Paris 
infected with it. Nodules are found in the tissues which contain 
large numbers of an acid-fast bacillus closely resembling the JB . 
Jeprce. Material from infected rats inoculated into healthy rats 
reproduces the disease after some months, hut has no effect on 
guinea-pigs. Marchoux f regards the human and rat leprosy 
bacilli as two types of the same organism, analogous to the human 
and bovine tubercle bacilli. The disease is probably conveyed by 
contact. 

Dean cultivated a diphtheroid non-acid-fast bacillus from this 
disease ; Bayon an acid-fast leproid bacillus, which he finds to be 
very similar to that obtained by him from human leprosy. 

Clinical Examination. 

(1) If cutaneous nodules he present, one is clamped, pricked, 
and films are prepared with the juice that exudes and stained by 
the Ziehl-N eelsen method. The occurrence of large numbers of 
acid-fast bacilli in the cutaneous structures is diagnostic of leprosy 
(the smegma bacillus may be present on, but not xn, the skin). 

( 2 ) In the tissues, sections of which are stained in the same 
manner as tuberculous material, the diagnosis must he based on 
the presence of the bacilli in large numbers in the so-called 
leprous cells. 

(3) Leprosy cannot be cultivated by methods which yield 
positive results with tuberculous material. 

(4) Leprosy is not inoculable in guinea-pigs. 

JSf.JB . — Lepers not infrequently suffer from coincident tuber- 
culosis. 

(5) The differentiation of the leprosy from the tubercle bacillus 
by staining methods cannot be said to % be satisfactory. By 

* Journ . of Hygiene , vol. v., 1905, p. 99 ; Marchoux and Sor el, Ann. de 
rinst. Pasteur, xxvi., 1912, p. 778. 

f Paris mddxcal, October 27, 1923, p. 313. 
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staining in a saturated aqueous solution of fuchsia in the cold for 
five to seven minutes, and subsequently decolourising with acid 
alcohol (nitric acid 1 part, alcohol 10 parts), it is stated that the 
leprosy bacillus is stained, the tubercle bacillus not. 

The Smegma Bacillus. 

The smegma bacillus is an organism found in the smegma 
prseputii, between the scrotum and thigh, and between the 
labia. It also occurs in the cerumen, occasionally on the skin, 
and possibly in the sputum. 

It is a small bacillus closely resembling the tubercle bacillus 
in size and appearance, and, like the latter, is acid-fast by the 
same method of staining (Plate XI Y., b ), and is Gram -positive. 
It has, therefore, to be distinguished from the tubercle bacillus 
in certain localities, viz., in urine and about the external 
genitals. It is non-inoculable on animals, and does not usually 
grow T in primary cultures on ordinary media, but can be isolated 
by the use of blood serum or nutrose agar, on which it forms 
delicate, ropy colonies. After isolation it grows freely on agar 
as a thin, slightly brownish, creamy layer, in which the bacilli 
may be very short but retain their acid-fast properties ; on 
potato it forms minute (0*5—1 mm.) greyish colonies. 

Staining and Differentiation 

Film preparations of smegma may be stained in exactly the 
same manner as for tubercle, after treating the preparations with 
ether to get rid of fatty material. 

The urine should be drawn off with a catheter when it is to be 
examined for the tubercle bacillus ; tins will generally exclude the 
smegma bacillus. Young and Churchman * conclude that the 
smegma bacillus is a scant invader of the male urethra, and that 
by washing the glans and irrigation of the urethra it may be 
ehminated from the urine. 

If there is reason to suspect the presence of the smegma bacillus 
when staining for tubercle, Honsell’s method may be used (p. 301). 
Bunge and Trauteuroth f recommend that the film specimens 
should be treated as follows : 

(1) Immerse in absolute alcohol for three hours. 

(2) Immerse in 5 per cent, chromic acid for fifteen minutes. 

(3) Stain in warm carbol-fuchsm. 

(4) Decolourise in 25 per cent, sulphuric acid for two to three 
minutes. 

* Johns Hopkins Hospital Rep. y vol. xiii., 1906, p. 15. 

f FortschriU der Med xiv., 1896, Nos. 23 and 24. See also ibtd. No. 9. 
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(5) Counter-stain in a concentrated alcoholic solution of 
methylene blue for five minutes. 

The smegma bacillus will be decolourised by this method. 

Acid-fast Bacilli in Milk and Butter. — Numerous acid-fast bacilli 
have been obtained from milk and butter. They usually grow 
freely and quickly on agar and on gelatin without liquefaction, 
sometimes as a creamy layer, sometimes as a dry, crinkled film, 
which may be pigmented (yellow, orange, pale brown or brick- 
red). Some are pathogenic to guinea-pigs by massive intra- 
pentoneal inoculation only, producing a plastic peritonitis, but 
not nodules in the organs. In culture, the bacilli are acid-fast and 
occasionally resemble B. tuberculosis , but are generally thicker. 
(See Petri, Arb a. d . Kctis , Gesundheitsamte , xiv., 1897 ; Babino- 
witsch, Zeitschr. f. Hyg , xxvi., 1897 ; Grassberger, Munch, med. 
Woch , 1899, Nos. 11 and 12 ; Tobler, ibid., xxxvi. ; Swithinbank 
and Newman, Bacteriology of Milh [Murray, 1903)]. 

Grass Bacilli and Mist Bacillus. — Moeller isolated from a grass 
(Phleum arvense) an acid-fast bacillus which he termed the 
Timothy -grass bacillus , other grasses also yield acid-fast bacilli 
(Grass Bacillus II.). They grow readily on culture media, are 
less acid-fast than the tubercle bacillus, and are not alcohol -fast. 
The Mist bacillus was isolated from dung, and is considered by 
Pettersson to be identical with the Timothy-grass bacillus 
(See Moeller, Deutsch med Woch , 1898, p. 37b , Herr, Zeitschr . 
Hyg., xxxvm., 1901 ; Pettersson, Bert him . Woch , 1899, p. 562.) 



CHAPTER X. 


TYPHOID FEVER — PARATYPHOID FEVER — BACILLUS 
ENTERITIDIS AND THE GARTNER GROUP — SWINE FEVER 
— BACILLUS DYSENTERIC— BACILLUS COLL 

The organisms considered in this chapter form a natural group 
known as the Typhoid-Colon 5 5 group. They are for the most 
part primarily inhabitants of the intestinal tract of man and 
animals, though many of them are capable of a saprophytic 
existence, at least for a time. They are all Gram -negative, non- 
sporers, and, with few exceptions, do not liquefy gelatin The 
subdivisions of the Typlioid-Colon group are mainly based upon 
fermentation reactions, and the individual members in some cases 
may be identified in the same manner, but in others the finer 
serological reactions are necessary. The classification of the 
Typhoid-Colon group has been attempted by Lofiler, Henderson- 
Smith, Chalmers and Macdonald ( Lancet, , 1916, vol. h , p. 139), 
and Chalmers and Castellani (Ann. de VInst . Pasteur, vol xxxiv., 
p. 600), among others. Winslow, Kligler and Rotliberg (Journ. 
Bacteriology , vol. iv., 1919, p. 429) have made a careful study of 
the group, and the following is a summary of their classification — 

The group may he divided into two primary subdivisions by 
the presence or absence of the power to ferment lactose early. The 
lactose fermenters are generally of more vigorous growth, though 
less actively motile, are more vigorous in their attack on other 
carbohydrates, and are indole producers. They are as a rule of low 
jiathogenic power. 

The non-lactose fermenters are divisible into four groups — 

Group I. includes the forms of low fermentative power, capable 
of attacking only the simplest hexoses if they ferment at 
aH. This group contains B. allcalxgenes and Shiga’s 
dysentery bacillus (termed B. stiigce). 

Group II. contains the forms which ferment hexoses, man- 
nitol, and either xylose or arabinose, but rarely both, 
with acid-formation only, no gas. The arabinose- 
positive forms correspond to the Flexner-'Y group of 
dysentery bacilli, and the arabinose-negative forms to 
B . typhosus. 

Group III . contains forms which ferment glucose and other 
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hexoses, with gas formation. They also ferment man- 
nitol, rhamnose and arahinose, but not xylose, and 
usually not dulcitol. Milk is first acidified, but in from 
five days to six ‘weeks becomes alkaline. This group 
includes JB. paratypJiosus A and Bacillus pullorum >, the 
cause of white diarrhoea of chicken. (Para A may or may 
not ferment dulcitol.) 

Group IV. contains forms which ferment xylose, rhamnose, 
and generally dulcitol, usually -with gas formation ; 
some ferment arabinose as well. They all produce a 
rather prompt alkalinity in milk. This group includes 
B. paralyphosus B (termed B schott mullei i), B sui - 
pestifer , B. enter ituhs , and Klein's B. gall inarum of 
fowl typhoid. Morgan’s bacillus (see p. 336 ; termed 
B. nmorgani) is provisionally placed m this group, though 
its true position is obscure. 

The lactose-fermenters are divided into two grouxis — 

Group V. The members of this group ferment lactose, and 
frequently saliein, dulcitol, sucrose, raffinose and glycerol, 
with a strong acid reaction and moderate quantity of 
gas composed of equal volumes of C0 2 and H 2 . Indole 
production positive, Voge»s-Proskauer reaction negative. 
They never liquefy gelatin and are not capsulated. 

B. coh is the type of this group, which also includes 
B. neapohtanus and B. acidi lactici. 

Group VI. differs from Gioup V. m producing less acid and 
more gas, which has the composition of two volumes of 
CO 2 to one volume of H 2 . Indole production negative, 
Voges-Proskauer reaction positive. Capsulation is fre- 
quent, and gelatm sometimes liquefied. B. cloacae, B. 
( lactxs ) cterogenes, and B. pneumoniae belong to this group. 

B. wesenbergi is not mentioned. It is intermediate between 
Group IV . and Group V , as it ferments glucose with the production 
of acid and gas, and lactose with the production of acid only It 
is met with m diarrhoea. 

The Yoges-Proskauer reaction is obtained by growing the 
organism in 2 per cent, glucose broth in a fermentation tube 
(Pig. 12, p. 58) for three days. Strong caustic potash solution 
is then added, and, on exposure to air, a pink colour develops. The 
reaction is due to the formation of acetyl-methyl-carbinol. This, 
in the presence of air and potash, is oxidised into diacetyl, which 
then reacts with some constitnent of the peptone in the medium, 
giving the pink colour (Harden and Walpole *). 


* Proc. Roy. & 'oc, Lond. s b, vol. Ixxvii., 1906, p. 399. 
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The Proteus Group. 

The Proteus group may conveniently he considered here, 
although it is sharply distinguished from the Typhoid -Colon 
group morphologically, by fermenting sucrose hut not lactose, 
by the gas formed consisting mainly of H 2 , and by its vigorous 
decomposition of proteins. It has been the subject of study by 
Wenner and Pettger.* The name Proteus ” signifies change- 
ability of form, derived from the fact that in gelatin (5 per cent.) 
plates wandering amoeboid colonies occur — masses of cells under- 
going continual changes in outline and position, and sometimes 
separating from the mother colony (Hauser). The individual 
cells are mostly coli-like, 1 -5-2-5 y m length, though occasionally 
much longer ones occur, and they may form short chains. They 
are actively motile, non-spormg and Gram-negative They grow 
luxuriantly on all the ordinary media at from 20° to 37° C. 
Gelatin is more or less rapidly liquefied, and litmus milk after 
transient alkalinity is decolourised, curdled, and the clot is finally 
digested. A luxuriant dirty -brown growth develops on potato, 
with fishy odour. Fermentation with both acid and gas formation 
is limited to glucose, fructose, galactose, sucrose, maltose and 
glycerol ; lactose is not fermented Indole is generally, and 
hydrogen sulphide always, formed. The organisms are non- 
hemolytic. 

The natural habitat of the Proteus group is decaying organic, 
particularly protein, matter, putrefactive decomposition of which 
is induced under aerobic conditions. B . proteus occasionally 
causes abscess, cystitis and peritonitis, and is not infrequent in 
dirty wounds. Hauser originally described three species of Proteus , 
but Wenner and Pettger consider that only two can be recognised, 
viz., P. vulgaris, fermenting maltose, and P. mirabiUs , not ferment- 
ing maltose. P. zenkeri , they consider, is identical with P. zopfit , 
neither liquefies gelatin nor ferments carbohydrates. It should 
be placed in the genus Zopfius . 

Typhoid Fever. 

The specific organism of typhoid or enteric f fever is a 
bacillus originally described by Eberth in 1880, and more 
closely studied by Gafiky in 1884. 

The Eberth-Gaffky bacillus, or Bacillus typhosus [Bacterium 
typhosum ], is best observed in sections of the spleen, in which 

* Journ. Bacteriology, vol. iv., 1919, p. 331. 

f It has been suggested to include both typhoid fever and the paratyphoid 
fevers under the term ce enteric fevers.” 
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it occurs in groups or colonies consisting of short rods, each 
measuring about 3 p, in length (Plate XVI., &). It may also be 
demonstrated in the mesenteric glands, liver, and in the swollen 
Peyers’ patches before ulceration. 

Pure cultivations may be obtained from the blood (p. 323), 
from the spleen by puncture (p. 327), sometimes from the 
urine or faeces, or from the spleen of a cadaver. In the latter 
case, the organ is cauterised with a red-hot iron in order to 
sterilise the surface, an incision is made with a sterilised knife 
through the cauterised area, and a loopful of the splenic pulp 
is inoculated on to tubes or plates, preferably of litmus lactose, 
Conradi-Drigalski, or malachite-green, agar. These are incu- 
bated at 37° C. for twenty-four to forty-eight hours, and the 
colonies v T hieh develop are tested by microscopical exami- 
nation and by agglutination and cultural methods. The 
Bacillus typhosus has the following characters : — 

Morphology. — A bacillus averaging 3 /jl in length, and 0.6 p 
broad. Under cultivation it is a markedly pleomorphic 
organism, and very short rods, long rods, and "thick filaments 
10 to 30 jjl in length occur , the latter are known as involution 
forms (Plate XV., a). It does not form spores, but granulation 
and vacuolation may be observed m the protoplasm m old 
cultures. 

It is actively motile, and possesses a number of flagella, 
arranged peritnchically (Plate XV., c ). The flagella are long 
and wavy, and average eight to twelve in number on the 
ordinary bacillus, a point of differentiation from the Bacillus 
coh , which usually has only three or four. It stains with the 
ordinary anilin dyes, but is Gram-negative. 

Cultural Characters. — The B. typhosus is aerobic and 
facultatively anaerobic, and grows well on the ordinary culture 
media. On agar it forms a thick, moist greyish layer. On 
gelatin it grows slowly without liquefaction, and the growth, 
which is usually scanty and confined to the needle-track, is 
white and shining, and somewhat irregular (Plate XV., b). The 
colonies m gelatin are visible in about forty-eight hours, and 
form small roundish white points, which are granular and 
brownish in colour by transmitted light. In broth it produces 
a general turbidity, without film formation. On potato, acid 
in reaction, it forms a thin, moist, grey layer, which is almost 
invisible. If, however, the reaction of the potato is neutral 
or alkaline, the growth may be yellowish. 

A lead acetate medium is darkened. On agar on which it 
has already grown, the growth being scraped off, it fails to 
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grow on re-inoculation (Chatterjee *). B. typhosus will develop 
in a slightly acid medium and in media containing malachite 
green, brilliant green and china, green dyes and caffeine, which 
inhibit the growth of B . coli . 

The B. typhosus grows well in milk without curdling and 
with a slight permanent acidity (Winslow, Kligler and Hoth- 
berg state that in a very pure fresh milk after a fortnight there 
is a reversion to a neutral or faint alkaline reaction). It 
ferments hexoses, maltose, xylose, mannitol, sorbitol, and 
dextrin with acid production only, but not lactose, sucrose 
arabinose and dulcitol. It is sharply differentiated from other 
similar organisms by agglutination reactions. 

It is of interest that B . typhosus , in contra-distinction to 
other members of the group, shows comparatively little 
variation and forms a singularly homogeneous race, though 
certain antigenic races have been recorded. 

Pathogenicity. — In cases of typhoid fever in man the 
Bacillus typhosus is widely distributed in the body It is 
constantly present in the blood from the commencement of 
the disease, though not in large numbers, and cultures from 
the blood m competent hands result m the recovery of the 
organism in approximately 100 per cent of the cases (see 
‘ k Clinical Diagnosis, 55 p. 323); in the later stages of the 
disease it is less frequently recovered. In addition to being 
present in the Peyer 5 s patches, mesenteric glands, and spleeip 
the B. typhosus has been found in the rose-spots of the erup- 
tion, in the sweat, in the sputum and lungs in the pulmonary 
complications, and in the urine. In the urine it is so frequently 
present that special disinfection should be practised, more 
particularly during convalescence, and in some cases it may be 
so abundant as to produce a turbidity (typhoid bacilluria) and 
cystitis. It is also pyogenic, and occurs (usually in pure 
culture) m concurrent or post-typhoidal complications, e.g ., 
empyema, abscesses, osteomyelitis, suppurating ovarian cysts 
(F. E. Taylor), etc. Clumps of bacilli m the gall-bladder have 
been suggested as the nuclei of gall-stones, and the bacilli 
may be so numerous in the gall-bladder and bile-ducts as to 
cause cholecystitis and cholangitis. Catarrhal jaundice, in 
sporadic or epidemic form, is another condition which may be 
caused by infection with B. typhosus , without signs of typhoid 
fever. 

The lower animals are insusceptible to infection with the 

* Trans. XIVth Internal. Cong . of Hygiene (Berlin, 1907 ), Bel. iv., p. 34, 
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typhoid bacillus by the mouth. Injected intra-peritoneally 
into mice and guinea-pigs the B. typhosus usually causes a 
septicaemia and death, and the same result follows from 
intravenous injection m rabbits. By continuous cultivation 
it loses its pathogenic properties. Remlinger, by feeding 
young rabbits on vegetables, cabbage, etc., soaked in water, to 
which had been added some culture of the typhoid bacillus, 
succeeded in inducing a condition resembling typhoid fever in 
man — characteristic temperature curve and diarrhoea, with 
typhoid agglutinins m the blood. Post-monem , the intestine 
was congested, the Peyer’s patches were swollen and in some 
places commencing to ulcerate, and the spleen was increased 
in size, and cultures of the typhoid bacillus were obtained from 
it. Metchnikoff * infected the chimpanzee per os with typhoid 
faeces. 

The Agglutination Reaction. — A. S. Griinbaum probably 
first observed the agglutination reaction m typhoid fever, but 
it was brought into prominence through the work of Widal, 
and is frequently referred to as the w Widal reaction 55 (Plate 
XVI., a). Normal serum will generally agglutinate the 
typhoid bacillus in a dilution up to 1 in 3 or 4, occasionally up 
to 1 in 10. 

Typhoid blood-serum commonly agglutinates in dilutions 
of from 1-30 to 1—100, and sometimes m dilutions up to 1-500 
Dilutions should not be less than 1-25 Zones of no reaction 
occasionally occur (For method, see p. 175 ) Cases of mixed 
infection with typhoid and paratyphoid bacilli occasionally 
occur, and give agglutination with both organisms. 

The reaction is not obtained before the sixth or seventh 
day of fever, occasionally not until much later Very rarely 
the reaction seems to be intermittent. The blood may 
retain its agglutinating power for two or three years after 
an attack, and anti-typhoid vaccine also confers marked 
agglutinative properties up to nine months after inoculation. 
The injection of a typhoid anti-serum would also confer 
agglutinative power to the blood serum for three or four weeks. 
In conducting agglutination tests, it is necessary, therefore, to 
bear these facts in mind. Cases do occur in which agglutina- 
tion is absent throughout the attack, but they are rare and 
often tend to be severe and to terminate fatally. On the other 
hand, active agglutination tends to go with cases which do 
well and recover (see also p. 174). Usually, if the blood during 


* See Ann. de VInst . Pasteur , xxv., 1911, p. 193. 
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the course of a typhoid-like attack fails to give a reaction when 
tested on three occasions at intervals of three to four days, it is 
improbable that the case is one of typhoid fever ; it may be a 
case of paratyphoid fever due to infection with one of the para- 
typhoid bacilli, B. cisiaticas , etc. 

Typhoid serum outside the body retains its agglutinative 
power for weeks or months, slowly weakening, and typhoid 
blood dried at a low temperature and kept dry may retain its 
agglutinative power for a long time. 

Survival of the Typhoid Bacillus m the Body. — The typhoid 
bacillus usually disappears from the body when convalescence 
is well established, but occasionally bacilli may persist in the 
spleen for weeks, m the gall-bladder for years, and m post- 
typhoidal suppurative lesions for months or years. Foster and 
Kayser obtained pure cultures from the gall-bladders of seven 
out of eight cases, and m 2 per cent, of the cases this 4 4 chole- 
cystitis typhosa 35 becomes chronic, and typhoid bacilli may be 
discharged into the bowel for long periods, perhaps indefinitely. 
Dean* found bacilli to be still present in a patient who had 
had enteric fever twenty-nine years previously. Such C£ typhoid 
carriers'” have been the subject of much investigation, and 
many instances of infection derived therefrom have been 
recorded. Conveyance of infection is especially liable when 
the carrier handles foodstuffs, as m the case of cooks and dairy 
employees, and may result in the occurrence of sporadic cases 
over a long period or of limited outbreaks. Such an event 
may occur in an asylum or other institution or among the 
general public. One of the latest instances is that of the 
wife of a dairyman, infection from whom was responsible for 
some twenty-seven cases of typhoid fever. Three-fourths of 
the carrier cases are women (and three-fourths of the cases of 
gall-stones occur in women), and usually the serum of the carriers 
gives a marked agglutination reaction, and their stools fre- 
quently contain such large numbers of typhoid bacilli that these 
largely replace the natural bacterial flora of the intestine and may 
often be recovered from the stools by simple plating. Firth 5 s 
statistics give an idea of the frequency of the development of 
the carrier state. Of 1,229 cases of enteric fever among the 
British troops in India bacteriologically examined, thirteen 
cases of chronic carriers and thirteen cases of temporary 
carriers were detected. The typhoid carrier is obviously a 

* Brit. Med . Journ., 1908, vol. i., p. 562. 

f See Tedingham, Rep. Med. Off. Loc. Gov. Board for 1909—10 (Bxbliog.) ; 
ibid, for 1912-18, p. 336. 
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source of serious risk to the community, and mysterious out- 
breaks of enteric fever, ascribed by some in the past toa u rle 
novo ” origin of the specific organism, become explicable. 
Typhoid convalescents should be bacteriologicaliy examined 
three or four times at weekly intervals before discharge from 
hospital, and the negative cases may with reasonable safety 
be allowed to resume their civil life (Ledingham). Once the 
carrier state is established, no form of treatment seems to be 
of any value, and the condition probably continues for the 
remainder of life. 

Survival of the Typhoid Bacillus outside the Body. — The 

Bacillus typhosus has been isolated in a few instances from 
water supplies which have become infected, and have 
given rise to epidemics, as m the case of the Lincoln epidemic 
in 1905. This is the exception, however, and the isolation of 
the typhoid bacillus from a water which has been infected 
rarely succeeds, partly on account of the difficulty of isolating 
a few bacilli from a large amount of water, containing perhaps 
large numbers of other organisms, and partly because if 
infection has taken place during a short period, the fact will 
not be known until cases arise two to three weeks latei. and 
in samples taken four to five weeks after infection the bacillus 
may have died out (see section on Water ?J ) 

In sterilised waters, including distilled water, the Bacillus 
typhosus maintains its vitality for upwards of a month, and 
in some cases for much longer. The survival is not necessarily 
longer m an organically polluted water than m a pure water. 
Thus, the author found that the bacillus died out m sterilised 
Thames water in two to three weeks, m sterilised tap-water 
in four to five weeks. 

The survival of the typhoid bacillus in natural waters 
must be influenced by many circumstances — temperature, 
chemical composition, struggle for existence with the natural 
bacterial flora, etc , of the water. Experiments by Russell 
and Fuller,* in which the organism, suspended m collodion 
sacs, was subjected to the action of lake water, indicated that 
the maximum survival was eight to ten days. Houston, f 
using raw Thames, Lee, and New River waters artificially 
infected with varying quantities of ordinary laboratory 
typhoid cultures, and examining quantities of 100 c.c. of the 
water, found that in none of eighteen experiments was a 
negative result obtained in four weeks, and it was only after 

* Journ. Infect . Diseases, Sup. No. 2, February, 1902, p. 40. 

t First Hep. on JResearch Work, Metropolitan Water Board, 1908. 
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nine weeks that the typhoid bacillus could not be isolated from 
this quantity in all the experiments. But in later experiments,* 
in which typhoid bacilli, obtained directly from the urine of a 
carrier case by centrifuging and without culturing, were added 
to the water, the number of bacilli was reduced by 99*99 per 
cent, after a week, and after ten days the organism could 
not be isolated from 100 c.c. of the infected water, suggesting 
that the uncultured bacillus rapidly dies in a natural water 
and that even a week’s storage of water affords enormous 
protection against water-borne typhoid In aerated (C0 2 ) 
waters the B . typhosus does not survive a fortnight. The 
methods of isolation from water are given in Chapter XXII. 

The Bacillus typhosus may gam access to shell-fish, oysters, 
mussels, cockles, etc., particularly if obtained from sewage- 
polluted laying. Such polluted shell-fish may give rise 
to typhoid epidemics — as at Winchester and Southampton 
in the case of oysters — or to sporadic cases, as occurs with 
cockles derived from the Thames Estuary and imperfectly 
cooked. Buchan found that out of 855 primary cases of 
typhoid fever occurring in households m Birmingham, 124, 
or 14*5 per cent., had a history of mussel eating, and in seven- 
teen instances the histories were conclusive of mussel infection. 
Shell-fish from sewage-polluted layings contain B . coh in 
varying numbers, but from uneontaminated layings are free 
from this organism, which may therefore serve as an index 
of pollution (see <c Examination of Shell-fish,” Chapter XXII). 
Contaminated shell-fish, removed to pure water, gradually 
cleanse themselves — probably after two to three weeks’ 
sojourn, or they may be treated by chlorination. Tonney 
White and Jordan J found that typhoid bacilli, artificially 
introduced, survived for twenty-two days in oysters kept 
at 45° E., dying out more rapidly if the temperature were 
higher. 

As regards the vitality of the Bacillus typhosus in sewage 
we have little certain information ; probably it tends to 
die out within a few days. In sterilised sewage inoculated 
with it the B . typhosus hardly multiplies at all, and at the 
end of ten days dies out. Certain organisms in sewage seem 

* Sixth Research Report , Metropolitan Water Board, 1911. 

f On pathogenic organisms in shell-fish, see Reports by Bulstrode to the 
Bocal Government Board, 1894 and 1911 ; Rep . Med, Off. Loc. Gov . Board 
for 1899—1900, p. 574; Buchan, Joum. of Hygiene, vol. x., 1910, p. 569; 
1ST anki veil and Stanley, ibid., vol. xviii., 1920, p. 465 ; Amer. Joum. Rub 
Health , 1922, vol. xii., p. 574. 

X Joum. Amer. Med » Assoc., 1925, vol. lxxxiv., p. 1402. 
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to have a deleterious action on the B. typhosus , hastening its 
extinction, viz., the B. fluorescens hquefaciens and B. fluoresceins 
stercorahs. Russell and Fuller, subjecting the bacillus to the 
direct action of sewage, found the survival to range from three 
to five days. 

In dry garden earth the Bacillus typhosus may be recovered 
up to twenty-five days , m peat it dies out within twenty- 
four hours. In moist soil it may survive for more than six 
weeks ; in artificially dried soil it dies out by the seventh 
day. 

Sidney Martin found that in moist sterilised soil inoculated 
with a broth culture and kept at temperatures from 3° to 37° C., 
the B typhosus maintains its vitality for upwards of fifteen 
months, but that in unstenlised soil it rapidly dies.* * * § 

Mair y concludes that the typhoid bacillus can survive 
in natural soil in large numbers for about twenty days, and 
is still present in a living condition after seventy to eighty 
days, but that there is no evidence that it is capable of 
multiplying and leading a saprophytic existence in ordinary 
soil He suggests that the rapid death of the bacillus in 
unsterilised soil in Martin’s experiments was due to the use 
of broth cultures for infection, the broth added causing a 
multiplication of the saprophytes. Firth and Horrocks t 
similarly conclude that the typhoid bacillus displays no 
tendency to increase in numbers, nor to grow upwards or 
downwards in soil, though it may be washed by water through 
a thickness of 18 in. Neither virgin nor sewage-polluted soils 
differed much m these respects 

Vitality of B. typhosus in Dust, Fomites, etc. — Firth and 
Horrocks found the B . typhosus to be alive in soil dry enough 
to form dust for as long as twenty -five days, and consider 
that infective material can be readily transmitted from dried 
soil and sand by means of winds and air-cnrrents. Doubtless 
much depends on the degree of dryness of the substratum. 
From khaki drill and serge inoculated with cultures the 
bacillus was recoverable for from ten to twelve weeks, and 
from the same materials fouled with enteric faeces for from 
ten to seventeen days. 

Semple and Grieg, § with cloth and blanket infected with 
typhoid urine, failed to obtain the bacillus after seventeen 

* Reps, Med . Off. Loc. Gov. Board for 189(5—1901. 

t Journ. of Hygiene, vol. vin., 1908, p. 37. 

t Brit. Med Journ., 1902, vo] p 936. 

§ Sc. Mem. Gov. of India , No. 32, 1908. 



320 


A MANUAL OF BACTERIOLOGY 


days. This, however, was in India, and the survival of 
the typhoid bacillus on fomites probably greatly depends 
on the degree of drying of the material. A striking instance 
of the conveyance of infection by fomites was that of the 
blankets used in the South African War and brought to this 
country, which gave rise to many cases of typhoid fever. 

Firth and Horrocks demonstrated that house-flies can 
convey infection from enteric excreta or other polluted 
material to objects on which they settle or feed, and the 
Commission which investigated the prevalence of enteric 
fever in the Spanish- American War ascribed to flies the 
principal part in the dissemination of the disease (see also 
p. 354). 

It is commonly supposed that sewer-gas is at least a pre- 
disposing cause to enteric fever, diphtheria and tonsillitis, 
but the nature of this relationship has given rise to discussion. 
Some have considered that the specific organisms are present 
in the emanations from sewers, and this may exceptionally 
occur. Thus Horrocks,* in some experiments performed at 
Gibraltar, showed that specific bacteria present m sewage may 
be ejected into the air of ventilating pipes, inspection chambers^ 
drains and sewers by (a) the bursting of bubbles at the surface 
of the sewage, ( b ) the separation of dried particles from 
the walls of pipes, chambers and sewers, and probably by 
(c) the ejection of minute droplets from flowing sewage. 
But the principal action of sewer-gas probably is to lower 
vitality and increase susceptibility, for Alessi found that 
animals exposed to drain emanations are at first more sus- 
ceptible to infection, but after a month or so acquire tolerance 
and are then not more susceptible than animals kept under 
ordinary conditions. Exposure to the gaseous emanations 
from putrefying matter is stated by Trillat to increase the 
virulence of pathogenic bacteria. There is no evidence that 
sewer-men or those employed at sewage works suffer from 
ill-health. 

Action of Heat, Germicides, etc. — The B. typhosus in broth 
culture is killed by a temperature of 53°— 54° C. m half an 
hour, and of 56°— 60° C. in ten minutes. It is readily destroyed 
by antiseptics. (See table. Chapter XXIII.) 

Semple and Grieg ( loc . cit.) found bright sunlight to be 
germicidal in from two to six hours. 

Wines and spirits have some germicidal action on the 

* J ourn. Roy. JSan. Inst., May, 1907, p. 176. 
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typhoid bacillus. Champagne destroys the bacillus in ten 
minutes, white wines in fifteen to twenty minutes, red wines 
in thirty minutes or thereabouts. If diluted with water 
the germicidal action takes much longer to accomplish, and 
the acidity, not the alcohol content, seems to be the determin- 
ing factor.* * * § Spirits, such as whisky or brandy, if diluted with 
not more than one to two times the volume of water, kill in 
ten to twenty minutes. 

Toxins. — Ptomaines, toxic proteins and proteoses were stated 
to have been obtained from cultures or from the cadaver by 
Brieger, Frank el, Fenwick and Bokenham, Sidney Martin, and 
others. 

The toxins of the typhoid bacillus are, however, endo- 
toxins, and filtered broth cultures are usually almost non- 
toxic. Macfadyen and Howland, by disintegrating large 
quantities of typhoid bacilli, filtering, and so obtaining the 
intra-cellular constituents in the filtrate, found that small 
doses of the latter produced a transient rise of temperature 
in guinea-pigs and a loss of weight which was soon recovered 
from. Animals so treated were protected against a certain 
lethal dose of typhoid bacilli, and their blood exhibited 
agglutinative and bacteriolytic properties towards the typhoid 
bacillus. Macfadyen later obtained the mtra-cellular 
juice of typhoid bacilli by disintegration after freezing 
with liquid air, and found it to be very toxic to guinea- 
pigs by intra-pentoneal, and to rabbits by intra-venous, 
inoculation. 

Anti-typhoid Serum. — Attempts have been made to prepare 
an anti-typhoid serum by inoculating horses with increasing 
doses of typhoid bacilli, first killed (by heat, chloroform, etc.) 
and then living, but such sera have proved quite useless for 
treatment. 

Macfadyen J prepared an endotoxic serum by treating 
horses with the endotoxin obtained by triturating the 
bacilli in the presence of liquid air. The author con- 
tinued the work, and obtained a serum which gave promising 
results. § 

Chantemesse |j prepared a serum by injecting horses with a 

* Sabrazes and Marcandier, Ann. de Vlnst Pasteur , 1907. 

f Proc. Roy . jSoc. Pond., B, Ixxi., 1902, p. 77. 

$ Proc. Roy . Soc. Pond , b, vol. lxxi., 1903, pp. 76 and 351 ; Brit. 31ed. 
Journ., 1906, vol. i., p 905. 

§ See Hewlett, Goodall and Bruce, Proc. Roy. Soc. Med., vol. n., 1907—08 
(Med. Sect.), pp. 245 et seq „ ; and Hewlett’s Serum Therapy, p. 220. 

|| Trans. Fourteenth Internal . Cong. Hygiene and Demography, 1907. 
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special ox-spleen broth culture of the typhoid bacillus, which 
he claimed possessed marked curative power. The evidence 
suggests that toxins , and not anti-bodies, are the active agents 
in the serum, and the treatment, therefore, seems to be 
one of active immunisation. 

The disease has also been treated with a vaccine (con- 
sisting of a killed culture) with promising results by. Semple, 
Smalhnan, Leishman, and others. The initial dose is 40-100 
millions, and the amount is cautiously increased up to 300-400 
millions 

Anti- typhoid Vaccine. — Wright * first enpployed an anti- 
typhoid vaccine for prophylaxis, prepared by killing a fourteen 
to twenty-one-days-old broth culture by heating to 60° C. 
The vaccine is now prepared by growing the bacillus in broth 
for about forty-eight hours, killing the culture by heating to 
53° 0. for one hour (higher temperatures having proved to be 
deleterious), and after cooling 0*25 per cent, of lysol is added : 
it is not necessary to employ a virulent bacillus. The vaccine 
is standardised by counting the number of bacilli it contains 
by Wright’s method, or by means of opacity standards. The 
immunising power of a typhoid vaccine depends partly upon 
the number of bacilli it contains, and partly on the particular 
strain of bacillus used. Two doses of the vaccine should be 
given, with an interval of about seven to ten days between 
the two, the doses being 500 and 1,000 millions respectively. 
The vaccine deteriorates on keeping. Emulsions of agar 
cultures and autolysed cultures have also been used for 
preparing vaccines. Polyvalent vaccines were introduced 
by Castellani, and are now much used, e.g Typhoid and 
Paratyphoid A and B (see p. 330). Cholera may also be intro- 
duced into it. 

The voluminous data now collected with regard to the 
protective power of anti-typhoid vaccination indicate that the 
incidence of typhoid fever among the inoculated is not more 
than one-fifth that among the uninoculated, and the case 
mortality is halved. 

Variation of the B. typhosus. — Twort was able by repeated 
sub-culture through a lactose medium to C£ educate ” the 
B. typhosus to ferment lactose, and Penfold f records varia- 
tions in its fermentative power. 

B. pyogenes fetid ns* obtained by Passet from a rectal abscess. 


* Wright and Semple, Brit Med . Journ 1897, vol. i„, p. 256. 
f J of Hygiene, vcl. xi., 1911, p SO, 
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has all the fermentation reactions of B. typhosus , but it rapidly 
li qubfies gelatin and casein. 


Relapses 

Various hypotheses have been advanced to account for the 
i elapses which occur in typhoid and undulant fevers. Assuming 
that immunising and bactericidal properties of the blood and 
tissues are but slightly acquired during the attack, anything which 
lowers resistance, such as an absorption of toxic substances from 
the alimentary tract, may be sufficient to give the typhoid bacilli 
still present a fresh start, and so produce a relapse. 

Another suggestion is that colonies of the organism m tin* spleen 
or elsewhere may be protected in some way from the anti- 
bacterial substances which bring the attack to an end. Then 
as the anti-bacterial substances dimmish in quantity, these 
colonies resume growth, and a fresh development of organisms 
ensues with the occurrence of a relapse. 

Durham * suggested that m a typhoid infection more than one 
lace of B. typhosus may be present. If a particular lace is m 
excess, anti-bodies for this x>articular race predominate, and when 
formed in sufficient quantity the disease process comes to an end. 
At the same time, however, other races may be present which 
have produced little of their specific anti-bodies ; these then begin 
to grow and multiply, and a relapse ensues. 

The acquisition of the state of fastness 5 ' by bacteria and 
protozoa under the influence of specific serums and drugs has 
already been alluded to (p. 186). It is quite likely that in typhoid 
fever and some other diseases the relapse may be due to the 
infecting organism becoming fast ” or resistant to the anti- 
bacterial substances, so that it again grows and multiplies and 
produces a recrudescence of the disease. 

In the case of relapsing fever and in protozoal diseases relapses 
coincide with developmental cycles of the parasite, e.g ., in malaria. 

Clinical Diagnosis 

Blood culture is available from the onset until the disease 
begins to decline ; agglutination from the sixth day onwards. 

(I.) Blood Cultures . — Five to 10 c.c. of blood are withdrawn 
from a superficial vein with a syringe with aseptic precautions, 
and sown into one or two tubes containing 15 to 20 c.c. of broth, 
or trypsin broth. The tubes are incubated at 37° C., and if 
organisms develop these are isolated and examined culturally and 


Journ . Path . and Bad vol. vii., 1901, Ho. 2, p. 240. 
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by agglutination for tlie typhoid bacillus. Coleman and Buxton 
recommend the following culture medium : Ox-bile 90 o.c., 
•glycerin 10 c.c., and peptone 2 grm. Distribute in small flasks, 
20 c.c. in each, and sterilise. Each flask is inoculated with 2 to 
3 c.c. of blood, incubated for eighteen to twenty-four hours, then 
streaks from each are made on to litmus lactose agar plates, which 
are incubated for a few hours. If the growth does nob redden the 
medium and a typhoid -like bacillus is present, it is tested for 
agglutination with typhoid-immune serum. 

(II.) Agglutination Bead ton . — This may be carried out by the 
microscopic or the macroscopic (sedimentation) method described 
at x>. 176. Dilutions of 1 : 30, 1 : 50, and 1 : 100 should be made. 
The microscopic method is the more rapid. Various apparatus 
(agglutmometers) can be obtained, consisting of measuring 
devices and a supply of dead culture, with which the sedimenta- 
tion test can be carried out, but are unsatisfactory in the tropics. 

Garrow’s agglutmometer can be recommended for carrying 
out agglutinations m typhoid fever and allied conditions (see 
p. 177). 

Agglutination is now commonly carried out by Dreyer’s Stan- 
dard Method ” (p. 174), the blood serum being tested for typhoid 
and paratyphoid A and B agglutinations at the same time. The 
apparatus consists of a small metal stand to hold sixteen tubes — 
one larger dilution tube on the left-hand side and fifteen smaller 
agglutination tubes in three rows of five each — a dropping pipette 
with teat and a supply of standard agglutinable cultures of typhoid 
and paratyphoid A and B (obtainable from the Department of 
Pathology, University of Oxford). The following are the direc- 
tions issued : — 

1. Technique. 

Take a stand containing fifteen agglutination tubes m three 
rows of five each, and a dilution tube. 

With the proper dropping pipette measure out into the dilution 
tube 54 drops of saline solution, 0*85 per cent, sodium chloride, 
in distilled water (where the water supply is pure, tap -'water can 
be used instead of saline solution) by means of gentle pressure 
on the teat. 

At each stage of the procedure the pipette is carefully washed 
and dried as follows : 

First rinse with distilled water, then rinse with absolute alcohol, 
followed by ether, and dry by gentle warming. 

Take up the serum to be tested into the dried pipette. Measure 
out 6 drops of the serum into the dilution tube already containing 
the 54 drops of saline solution, thus obtaining a dilution of I in 10, 
Mix thoroughly. 
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With the pipette measure out into each row of tubes as follows : 


Number 

Diops of 
Normal 
Saline 

Dro] s cl 
Serum 
Dilution 


or tube 

Solution. 

1 m 10. 


1 

0 

10 1 

to each tube m row 1 add 15 dioji^ of 

2 

5 

5 

B typhosus Standard Agglutmable 
Culture. 

3 

8 

2 

to each tube m row 2 add 15 drops of 
B. pant typhosus A Standard Agnln- 

4 

9 

1 

finable Chit ure. 

to each tube m row 3 add 15 drops of 

5 

10 

0 1 

B. para typhosus B Standard Agglu- 
tmable Culture. 

Shake 

each tube 

thoroughly 

in order from right to left, 


beginning each row with the highest dilution. 

Place the stand for two hours in a water-bath at 50 ~-55° C. (not 
m dry air). 

In Tub? 1 of each row the serum acts in a dilution of 1 in 25 

,, 2 ,, ,, 1 in 50 

», 3 ,, „ 1 m 125 

,, 4 ,, ,, ,, 1 m 250 

Tub? 5 containing no serum is control against spontaneous 
agglutination 

If the limit of agglutination is not reached within this series 
higher dilutions are followed out m a similar manner. 

The tubes are examined after two hours at 5<J"-55 D C. followed 
by fifteen minutes’ standing at room temperature. The reading 
is taken by comparing each tube m succession with the control 
tube, and is preferably made by means of artificial light against a 
black background. If daylight is used, the tubes inspected should 
be partly shadowed by passing a finger up and down behind them. 

The highest dilution in which marked agglutination {without 
sedimentation) can be detected by the naked eye is Standard 
Agglutination . Put owing to the rate at which the dilution 
increases in the series of tubes employed it will commonly happen 
that no tube in the series exhibits Standaid Agglutination. If 
this he so it will he found in looking along the series that while 
one tube shows strong agglutination with sedimentation the next 
succeeding tube shows no agglutination at all or only a trace. In 
such cases Standard Agglutination lies approximately midway 
between the two dilutions. 

(If the stand is left at the room temperature, sixteen to twenty- 
four hours must he allowed before the reading is taken, but the 
reaction is not then so sharply defined. In this case the highest 
dilution in which a definite fioeculent sedimentation appears 
corresponds approximately to Standard Agglutination. ) 
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When the standard degree of agglutination (“ Standard Agglu- 
tination ”) occurs with Standard Agglutinable Culture in a serum 
dilution of 1 in x , then x divided by the figure given on the label 
of the Standard Agglutinable Culture employed gives the number 
of Standard Agglutinin Units ” * contained m 1 c.c. of the serum 
examined. 

Thus if standard agglutination occurs in a dilution of 1 in 1,000 
and the number on the label is 2*5, then i.e 400, is the 
number of Standard Agglutinin Units contained m 1 c.c. of the 
serum examined. 

For uniformity and simplicity in recording results they should 
be expressed in Standard Agglutimn Units. 

2 . Diagnosis. 

A. In non-inoculated persons who have not had typhoid 
(or paratyphoid) fever, agglutination m a dilution of 1 in 25 
justifies a strong suspicion of typhoid (or paratyphoid) infection. 
But the test must be applied again in the course of a few days to 
ascertain whether there is any change in the titre of agglutina- 
tion. Marked agglutination in a dilution of 1 in 50 or more is 
nearly always diagnostic of active typhoid (or paratyphoid) 
infection. 

A non-inoculated 46 carrier ” will normally show no important 
change in the titre of this serum on repeated examination at 
short intervals. 

B. Inoculated persons, if quite recently inoculated, will usually 
show a high titre of specific agglutination. A rapid rise in 
titre sets in within two to four days of inoculation. This is 
followed by a fall, at first rapid, but subsequently becoming 
very slow, so tbat a relatively bigh titre is maintained for a 
long period (even for years). During this period examinations 
made at intervals of a few days give practically identical readings. 

It follows that in the case of inoculated persons the diagnosis 
of active typhoid (or paratyphoid) infection will require two or 
more successive examinations of the serum. 

(a) If the individual is suffering from active typhoid infection 
his titre of typhoid agglutination will exhibit the usual 
rise and subsequent regular fall seen in non-inoculated 
subjects, but starting from and returning towards the 
higher base line of inoculated persons. 


* Note . — The Standard Agglutinin Unit is that amount of agglutinating 
serum which when made up to 1 c.c. volume with normal salme solution 
causes Standard Agglutination on being mixed with 1*5 c.c. of a particular 
Standard Agglutinable Culture and maintained at 55° C. for two hours m a 
water -bath, followed by fifteen minutes at the room temperature. 
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(b) If the individual is suffering from active paratyphoid 
infection one of tliree things may occur as regards hi^ 
typhoid agglutination tjtre, namely : 

(1) No apxjreoiable change may occur in the litre of 

typhoid agglutination. 

(2) A relatively slight rise may occur, followed by a fall 

towards the former level. 

(3) A marked rise may occur synchronous with the rise 

in paratyphoid agglutination litre, and subse- 
quently followed by the usual fall towards the 
former level. 

Meanwhile the titre of paratyphoid agglutination runs the 
normal course of rapid rise to a maximum (usually exceeding the 
maximum typhoid litre) followed by a fall, at first rapid and then 
slower as already described for typhoid subjects, and falling 
below the persistent base line of typhoid agglutination of inoculated 
persons. 

C. In the case of mixed infections, whether in inoculated or 
non-moculated persons, the agglutinin curves for the different 
infecting organisms are usually not synchronous, and they pursue 
their ordinary course independently of each other. 

(III.) Ophthalmia -diagnosis . — Cliantemesse (Joe. at p. 321) 
devised a method analogous to the ophthalmo-diagnosis for 
tuberculosis (p. 302). The material is prepared from agar cultures 
of typhoid which are emulsified, dried, triturated, and extiacted, 
and the extract is precipitated with absolute ah oho], dned, and 
dissolved in water (for details see Hewlett's He rum Therapy , 
p. 382). A drop of this solution is instilled into the conjunctival 
sac ; in a case of typhoid, a conjunctivitis develops in two to three 
hours, reaches a maximum m six to ten hours, persists tor one to 
three days and then passes off. In healthy persons and m other 
diseases no conjunctivitis ensues. A cutaneous reaction has also 
been devised, a standardised emulsion being injected in trader mally. 

(IV.) Tuncture of the Spleen with a Sterilised Needle. — After 
puncture a little of the blood and pulp is withdrawn with tlie 
syringe, and cultivations are made as in (I.). Now that the blood- 
culture method and agglutination reaction have been introduced, 
splenic puncture is little used. 

(V.) Examination of Dus. — Cultivations may be made as in (1) 
if the bacillus is present, apparently in pure culture. If not 
plate cultivations, preferably on litmus lactose agar, Conradi- 
Drigalski, malachite- or brilliant -green, agar, may he prepared 
(see 6 ‘ Water ”). 

(VI.) Examination of the Twees and Urine. — See pp. 330, 341. 
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Paratyphoid Fevers. 

The name ” j)ara-colon ” bacillus was given by Gilbert in 1895 
to races of bacilli intermediate in type between the typhoid 
bacillus and the colon bacillus, and this designation was also 
applied by Widal and Nobecourt to a bacillus isolated by them 
from an abscess m the neighbourhood of the thyroid. The name 
“ paratyphoid ,5 bacillus appears first to have been used by 
Archard and Bensaude in 1896, and was reintroduced by Schott- 
m uller in 1901. 

Paratyphoid fevers are diseases which clinically simulate 
typhoid fever and are infections caused, not by the typhoid 
bacillus, but chiefly by organisms belonging to the Para- 
typhoid-Gartner group of bacilli. While the term is generally 
reserved for infections due to the paratyphoid bacilli, if the 
definition be based on clinical similarity there is no reason 
why other typhoid-like infections due to organisms of the 
typhoid-colon group should not be included under it ; these 
will be referred to at the end of this section. The disease is 
generally milder than typhoid fever, and the mortality is 
only 1-4 per cent. Some 3—6 per cent, of the cases notified 
as typhoid fever 55 are probably cases of paratyphoid 
infection. Jaundice may also be caused by paratyphoid 
infections. Paratyphoid infections may occur in epidemics, 
may be spread by drinking-water, by cc carriers/ 5 and m other 
ways, like typhoid fever, and occur in all parts of the world. 

Paratyphoid fever {sens a stricto) is generally caused by 
one of two paratyphoid bacilli, known respectively as para A 
and para B, which are very similar morphologically and 
culturally. Both these bacilli are morphologically like the 
typhoid bacillus and are actively motile, but they ferment 
glucose with the production both of acid and of gas. In their 
behaviour as regards agglutination, and particularly absorp- 
tion with specific immune serums, the paratyphoid bacilli 
also differ markedly from the typhoid bacillus and from one 
another, and this is the only reliable method for distinguishing 
them from one another and from other somewhat similar 
organisms. Bacillus jparatyjphosus A produces less gas in 
glucose media than £. jparatyphosus B (with some strains 
very little gas is produced) ; with para A milk remains 
acid for a fortnight and then becomes alkaline ; with para B 
it becomes alkaline after a transient acidity ; and though 
para A changes neutral red to yellow, the red colour tends 
to return after three weeks or so, while with para B the yellow 
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colour is permanent. That is to say, in its reactions para A 
is more closely allied to the typhoid bacillus than is para B. 
Para B, however, blackens a lead acetate medium, while 
para A does not. On these and other grounds the para B 
bacillus is regarded as being more allied to the Gartner group 
than is the para A bacillus (see p. 335) 

Another group of infections has also been differentiated 
caused by a bacillus which has been named para C. Cultur- 
ally it resembles the para B bacillus, litmus milk becoming 
alkaline on the fifth to seventh day, but it does not ferment 
inosite and is inagglutinable with typhoid, para A, para B, 
and Gartner sera of high titre even m low dilution. 
Andrewes and Neave ^ find that B pamtyphosus c belongs 
serologically to the B. s inpest if er series, and also has affinities 
with B. paratyphosus B. It differs culturally from B. snipes- 
tifer in fermenting arabinose 

B. paratyphostis A infection is relatively common in the 
East, but paratyphoid fever in Great Britain and Western 
Europe is commonly caused by para B. Para C infections 
are likewise Eastern and have been met with in Turkey, 
Anatolia, Mesopotamia and West Africa. The fermentation 
reactions of the paratyphoid bacilli are given in the tables on 
pp. 336, 352. 

As regards the agglutination reaction, the blood of the 
paratyphoid fever patient either does not agglutinate the 
typhoid bacillus or agglutinates it only in low dilution. 
e.g., 1 in 5 to 25, while it agglutinates the corresponding 
paratyphoid bacillus of the infection in higher dilution. 
The agglutination titre of the serum m cases of paratyphoid A 
infection is sometimes very low — 1 in 25 or even 1 in lo. In 
cases that have been inoculated with typhoid vaccine, the 
agglutination titre of the serum for the typhoid bacillus may 
be somewhat increased as a result of paratyphoid infection. 

Cases of mixed infection with typhoid and paratyphoid 
bacilli occasionally occur. 

The diagnosis of paratyphoid fever is determined by 

(a) the agglutination reaction, as fo 1 typhoid fever (p. 324) ; 

(b) the isolation of a paratyphoid bacillus by blood-culture, 
as for the typhoid bacillus (p. 323), and its differentiation 
by culture and by agglutination. The recovery of the bacillus 
from the blood is sometimes not practicable, as the bacillsemia 
of paratyphoid fever is often very transient and cases are 


* Brit . Journ . Experiment. Pathol vol. ii., 1921, p. 157. 
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frequently not seen until too late. The paratyphoid bacilli 
are present in the feces and urine, but frequently only during 
the height of the disease, unless the carrier state is being 
established ; the method of isolation and differentiation is 
given below. Prophylactic vaccines for paratyphoid fever 
may be prepared with paratyphoid bacilli in the same manner 
as for typhoid fever, and Castellan! introduced a mixed 
typhoid-paratyphoid vaccine. This was extensively used 
during the war under the name of T.A.B. vaccine. It contains 
1,000 millions of B . typhosus, with 500-750 millions each of 
para A and para B per cubic centimetre. 

Other Continued Enteric- like Fevers. 

Several members of the typhoid-colon group other than 
the typhoid and paratyphoid bacilli occasionally infect man 
with the production of diseases having some resemblance to 
enteric fever. The principal of these are B. alkaligenes , 
B . columbensis , B . asiaticus , B. archibaldi and B. khartoumensis , 
the fermentation reactions of which will be found in the table, 
pp. 348 et seq . These fevers have been termed t£ parenteric 55 
by Castellani and Chalmers, e.g ct Alkaligenes Parenteric, 55 
etc. (see Manual of Tropical Medicine , ed. 3, 1919, p. 1408). 
B. (f cecahs) alkaligenes is a typhoid-like, strictly aerobic 
bacillus. It forms a brownish growth on potato and does not 
produce indole. Milk is rendered alkaline, and the hexoses 
are alone fermented with alkali production. 

J3. asiaticus is comparatively frequent in Egypt Khaled * 
found that among 912 enteric fever suspects, 92, or about 
10 per cent., weie caused by this organism. 

Clinical Examination of the Fjeces and Urine for 
Typhoid and Paratyphoid Bacilli, etc. 

(1) B reparation of the F ceres JSrmilsion, and Blatingr\ 

The requisites are : test -tubes 3} in. X § in., hearing two file 
marks indicating 9 c.c. and 10 c c. ; platinum loops of stoutish 
wire, the loops being 5 nun. internal diameter and bent at a slight 
angle ; small watch-glasses or an artist’s sunk porcelain palette ; 
sterile tap -water or saline. 

Fill a test-tube with sterile water to the 9-c.c. mark. Add the 


* Journ of Hygiene, xxu, 1923, p. 362. 

f Glen Liston and Gore, Ind. Journ Med . Research , 1919. Special Congress 
Mo., p. 107. 
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feces with a glass rod so as to dll to the 10-c.c. mark- Emulsify, 
mix and allow to stand for one hour. 

Into each of four watch-glasses or cavities in the x>alette x>lace 
0 2 c.c. of sterile water or saline * label a, b , e, d. 

With the 5-mm. loop transfer a loopful from the upper layer of 
the emulsion of faeces in the tube to a and mix. Transfer a 5-mm. 
loopful from a to b , from b to e, and from c to d. These will now 
be dilutions of feces of approximately 1-100, 1—1,000, 1-10,000 
and 1-100,000. 

Prepare xilates of litmus lactose agar, Conradi agar, MaeConkey 
agar, or some other selective agar medium and dry in the warm 
incubator. Divide the plate into four quadrants by drawing 
cross -lines on the nnder surface of the glass and label a, b, c, and d. 
Inoculate each quadrant with a 5-mm. loopful of the respective 
dilution, spread, allow to dry in the warm incubator, and incubate 
the plate inverted at 37° C. for twenty-four hours, when the 
colonies should have developed. By the use of the four dilutions 
discrete colonies should he obtained m one or two of the quadrants. 

If this technique is not used, a loopful of the feces may be 
emulsified m 8-10 c.c. of sterile water, so as to yield a just 
opalescent suspension, which, after standing for half to one hour 
to allow gross particles to sediment, is used for the plating. 

Wordley * recommends spreading the feces (a small teaspoon- 
ful) on an unglazed porcelain tile, and allowing to dry for half to 
two hours at room temperature. The stiff paste is then scraped 
off and spread on a second tile and allowed to dry sufficiently to 
form a fine powder when scraped off Some of the dry powder is 
tlien transferred to a plate and evenly spread with a glass spreader. 
Small portions of mucus can thus he selected which otherwise 
might be missed. 

(2) The Method 

The following is Ledingham and Penfold’s method (Brit. Med. 
Jour n ., 1915, vol. ii., p. 704) : — 

Essentials. 

(1) MacConkey’s bile-salt-laetose-neutral-red-agar. 

(2) Mannitol peptone water contained in Durham’s tubes. 

(3) Thoroughly tested specific agglutinating serums of high 
potency for B. typhosus , B. paratyphosus A, B. pa rat yp It os us B, 
B . enterxtidis Gartner, JB. dysenteries Shiga, and B. dysenteries Y. 

The following dilutions of these serums are made with car- 
bolised saline (0-5 per cent, carbolic in normal saline) and kex>t 
in bulk preferably, but not necessarily, in the ice chest. 

* Journ . of Hygiene , vol. sx., p. 60. 
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(1) *P. G. mixture containing equal parts of Faratyphosus A 
serum (1 in 66), Faratyjihosus B serum (1 in 66), and Gartner 
serum (1 in 66). Concentration of eacli m final mixture = 1 in 
200 . 

(2) F. T. mixture containing equal parts of Faratyphosus A 
serum (1 in 66), Faratyphosus B serum (1 m 66), and typhoid 
serum (X m 66). Concentration of each, in final mixture = 1 in 200. 

(3) Y serum diluted 1 in 100, or 1 m 200. 

(4) Shiga serum diluted 1 m 100, or 1 in 200. 

(5) Faratyphosus A serum diluted 1 m 200. 

(6) Faratyphosus B serum diluted 1 in 200. 

(7) Typhoid serum diluted 1 in 200. 

(8) Gartner serum diluted 1 in 200. 

Steps . 

Plate ou the bile -salt -agar-plates ; incubate. 

Next Morning . — Pick off several non-lactose-fexmenting colonies 
(discrete colonies wherever possible) and inoculate each colony into 
mannitol and into ordinary broth. The number of colonies taken 
off will depend on many factors — for example, (1) the number of 
white colonies present, (2) the appearance of the colonies, (3) the 
clinical symptoms of the case if known, (4) the appearance of 
the stool. 

Evening of Same Fay. — After at least five hours' growth, 
examine the broth tubes, preferably with dark ground illumina- 
tion, and record motility or non-motility. At the same time 
inoculate an agar slope from each broth tube. 

Second Morning. — The mannitol tubes are examined and. the 
results (acid and gas, acid only, or no change) recorded on the 
corresponding agar slopes. 

(1) If acid and gas and motile , test the corresponding slope with 
P. G-. mixture. A loop of culture is emulsified in 4 or 5 c.c. of 
saline. Equal parts of this emulsion and the P. G. mixture are 
placed m a small 6 u agglutination 55 test tube and kept at 37° 0. 
Examine the tube every hour and note if agglutination is takmg 
place. If so, test the corresponding emulsion with Faratyphosus A 
serum, Faratyphosus B serum, and Gartner serum separately 
(one dilution of each giving 1 in 400 in the final mixture). If 
agglutination takes place with A serum, but not with B or Gartner 
serum, the emulsion may then be tested up to the full titre of the 
serum. 

(2) If acid and gas and non-motile 9 no further steps need be taken, 
but it must be remembered that a positive motility is final, while 
a negative result may leave a certain element of doubt, in which 
case it is wise to treat the culture as in 1 . 

(3) Acid only and motile . Test with the P. T. mixture. (Many 
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paratyphoid strains give little or no gas in the sugars they normally 
ferment, and for this reason it is necessary to treat all cultures 
giving acid only in mannitol (and motile) as possible paratyphoids 
as "well as typhoid). If agglutination occurs, test further with 
A, B, and T serums separately. 

(4) Acid only and non-motile . Test with Y serum. 

(5) No change on mannitol and motile . Discard for the time 
being, or, if time permits, test further to determine whether the 
culture is Morgan's No. 1 Bacillus or a member of the Proteus 
group. 

((5) No change on mannitol and non-motile . Test with Shiga 
serum. 

The emulsions are arranged in a test rack according as they 
have been tested with P. Gr. mixture, P. T. mixture. A" serum, etc. 
Equal volumes of serum (say from the stock P. G. Mixture) are 
placed in small agglutination 55 tubes by aid of a large -bored 
capillary pipette with rubber teat and fiducial mark, delivering 
about 0*4 c.c. 

Similar volumes of the corresponding emulsions are added by 
means of the same pipette, which is rinsed (between each opera- 
tion) with boiling water from a beaker. As mentioned above, 
the tubes, after being placed m the incubator, should be examined 
every hour or so, and any that have reacted should be further 
tested if necessary. No negative results should be recorded, 
however, until the following morning, when the final readings are 
made. 

Browning , Gilmour and Machie" s Method foi Typhoid. — Peptone 
water (2 per cent. Witte’s peptone and J per cent, sodium chloride 
in distilled water) is prepared, steamed for three-quarters ot an 
hour and filtered through paxier. It is then distributed in test 
tubes (6 in. by f m.), 5 c.c. in each, and autoclaved at 120° C. for 
fifteen minutes. Six tubes of the peptone water are taken, and to 
these are added respectively 0*04, 0 08, 0*12, 0*16, 0*22, 0 3 e.c. of 
a 1-10,000 solution of brilliant green. A large loopful (up to 
4 mm. diameter) of feeces is then added to each tube and well 
emulsified and mixed. The inoculated tubes are incubated at 
37° C. for twenty to twenty-four hours, and then a loopful of the 
contents is taken from each tube, and three successive streaks are 
made on to a plate of MacConkey’s medium. The plates are then 
incubated and examined for the presence of the typhoid (or para- 
typhoid) bacillus. The brilliant green (Bayer’s brilliant green 
extra cryst. — the sulphuric acid salt, free from zinc) may he made 
up as a 1 £>er cent, solution in distilled water and keeps for two to 
three weeks. For use, the 1-10,000 solution is freshly prepared 
by adding 0*1 c.c. of the stock solution to 9*9 c.c. of distilled water. 

(See also Rajchman and Western’s method, p. 341.) 
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THE PARATYPHOID-G-AETNEE GROUP. 

Epidemic Pood Poisoning. 

In 1888 Gartner investigated an outbreak of epidemic meat 
poisoning at Jena, and isolated an organism known as the 
B. enteritidis or Gartner bacillus. The organism resembles the 
typhoid bacillus m morphology and motility, and is Gram- 
negative. The cultures on agar and gelatin resemble those of the 
typhoid bacillus, and, like the latter, it forms little or no indole, 
may be recoverable from the blood and fseces, and the blood 
serum of the patient frequently agglutinates the organism. It 
differs from the typhoid bacillus by fermenting glucose with gas 
production and in rendering litmus milk alkaline after a transient 
acidity ; the fermentation reactions are given m the tables pp. 836, 
35f). Serologically it is also quite distinct from the typhoid bacillus. 
When recently isolated, the JB . enteritidis is virulent for mice, 
guinea-pigs and rabbits by inoculation, and may be so for mice by 
feeding. 

The same type of organism was subsequently recovered from 
numerous outbreaks of food-poisoning (see Chapter XXII.), the 
salient features of which are acute gastro -enteritis, vomiting, 
diarrhoea, collapse, etc. It was also found to be present m, or to 
cause, certain animal diseases. These various forms may now be 
considered. 

In swine fever (hog-cholera of the Americans), an organism, 
B. suipestifer ( B . cholerce sms), was long known to he present m a 
considerable proportion of cases, and was for a time regarded as 
the causative organism of the disease. It was shown, however, 
by de Schweimtz and Uorset that swine fever is caused by a filter 
passer, and the B. suipestifer is, therefore, a secondary or a terminal 
infectant. Swine fever is a disease of swine, very infectious, and 
characterised by an enteritis with lesions in the bowel much like 
those of human typhoid fever ; pneumonia is also present m some 
of the cases.* Various strains of R. suipestifer exist, and sero- 
logically they fall into two groups (Andrewes and Xeave). 

In 1898 de Xoble isolated from an outbreak of epidemic food- 
poisoning at Aertrycke, Belgium, a bacillus, known as B. aerti yclce, 
allied to the Gartner bacillus, and bacilli of this type have since 
been isolated from a number of food -poisoning outbreaks. The 
B. aertrycke was supposed by Bainbridge to be identical, or almost 
so, with the B, suipestifer , hut this is now recognised to be an 
error — the two organisms are culturally and serologically different. 

Several races of B. aertrycke seem to exist which can he differen- 
tiated only by absorption tests, and even in these it may be 


* Uhlenkutli, Journ. Inst . Pub. Health, 1911. 
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necessary to absorb not only y serum with x bacillus, but also 
x serum with y bacillus, in order to establish dissimilarity. By 
these means, according to Sehutze, the following types may be 
distinguished : — 

(1) Mutton type . — From mutton in a food-poisonmg outbreak in 
Newcastle in 1911, and elsewhere. 

(2) Ilirschfeld type. — Hirs elite kl\s para C, from cases of enteric - 
like fever, Salonika, Baghdad, and elsewhere. 

(3) Newport type. — Case of food poisoning, Newport. 

(4) Stanley type. — From ease of food iioisoning. 

Also (5) Binns, (6) -Arkansas, (7) G and (8) Reading , types. 

The Mutton group is by far the commonest, and ail give rise to 
gastro -enteritis. It includes strains from various countries, and 
from animal as well as human epidemics. It ferments mosite, 
which the Newport type does not 

The B. icteroides was isolated by Sanurelli from cases of yellow 
fever, and for a time was regarded as the causative organism of 
this disease, but was subsequently shown by the Americans to be 
apparently identical with B. suipestijcr , though complete sero- 
logical proof is lacking. It is, t here! ore, a set omlary or a terminal 
infection m yellow fever. 

Of animal diseases, tlie B. ententidis is occasionally responsible 
for extensive fatal epizootics among guinea-pigs, rats and mice. 
It constitutes the Danyaz and other vnuses used for the exter- 
mination of rats. The B. hyphi minium of Loftier causes a iatai 
epizootic among field nnee, and has been used as a vnus for their 
extermination. Actually it seems to belong to at least three 
groups (see table, 352) 

The B. j>sittacosis is the cause of a lata! epizootic among birds, 
particularly parrots. It is transmissible to man, causing a severe 
and often fatal broncho -pneumonia, and is met with among Mid- 
dealers, sailors, etc* Serologically, the organism appeals to 
belong to the B. aeitrycke. Mutton group.* 

Under " Paratyphoid Fevers," p 329, xvleienee ha-- been made 
to a paratyphoid C bacillus. This name had abo been given by 
Uhlenliutli m 1908 to an organism isolated by him from sv me, 
and also probably causmg gastro-enteritis in man. The matter 
is fully discussed by Andrewes and Neave (loc. ext., p. 329). It 
will probably be better to reserve the name “ para bacillus'" 
for the organism causing an enter ’c -like disease in man, viz., 
the bacillus of Hirsckfeld, Mackie and Bowen, Mac Adam and 
otheis. 

It was pointed out (£>. 329) that tlie B. paratyphosus A is more 
akin to the typhoid bacillus than the B. paratyphosus B, which is 


H. M. Perry, Brit. Journ. Exper Pathol vol. i , 1920, p 131. 
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nearer to the Gartner bacillus, and the para B bacillus seems 
capable of producing gastro -enteritis as well as paratyphoid fever. 

The Paratyphoid- Gartner group may be subdivided as follows 
on the basis of fermentative power : — 



Xylose 

Arabinose 

Dulcitol. 

Inosite 

Para A . 
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The Gartner group of organisms has been termed the Salmonella 
group, and the relationship of the various types is represented 
diagram m a tieally as follows by Schiitze : * 


B. enteritidis 
(Gartner). 


Salmonella Group 




B paratyphosus B 


JB. paratyphosus G 
(Uhlenhuth). 


Schottmuller JEiirschfeld Multon 
type (P & G). 1 type (F)4 type (G). 


Stanley Etc. 

type (F & G). 


1 Prototype : B paiatyphosus B of Schottmuller. 

- Prototype : B. paratyphosus C of Hirschfeld, MaoAdam, etc. 
F = Known to cause continued fever m man. 

G Known to cause gastro -enteritis m man. 


Summer Diarrhoea of Infants. 

Morganf isolated in 50 per cent, of cases of summer diarrhoea of 
infants a motile bacillus producing acid and gas from glucose which 
appears to be most closely allied to the hog-cholera bacillus, 
differing from the latter by producing alkalinity m litmus milk 
(without previous acidity) and much indole, and by failing to 
produce acid and gas from mannitol, arabinose, maltose, and 
dextrin. It does not ferment dulcitol, saccharose, salicin and 
sorbite. There* are two variants, designated No. 1 and No. 2. 
Thj 0 tta % has studied the organism from cases of diarrhoea in 
Norway. He doubts its specificity and suggests that it may he 
a B. eoli of peculiar fermenting type. (See also Chapter XXI.) 


* Lancet? 1920, vol. L, p. 93. 

f Brit . Med. Journ 1906, vol. i., pp 90S and 1131 ; ibid. 1907, vol. n., 

p 16. 

$ J ourn. of Bacteriology, vol. v., 1920, p. 67. 
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Bacillary Dysentery * 

One type of dysentery, the so-called epidemic or bacillary 
form (see 4fc Dysentery/ 5 Chap XXI.), is caused by bacilli 
(B. [. Bacterium ] dysenterice) which form a group of allied 
organisms, the dysentery bacilli. 

A dysentery bacillus was first isolated in 1897 by Shiga 
in Japan. Somewhat later Kruse isolated an identical bacillus 
in Germany, and this type is known as the Shiga-Kruse type. 
Later, Flexner and Strong isolated other types of dysentery 
bacilli, and during the last few years similar organisms, bin 
differing from the Shiga-Kruse and Flexner-Strong types in 
some of their fermentation and other reactions, have been 
isolated. Dysentery bacilli cause, dysentery in all parts of 
the world, and were also frequently met with during the war 
on the Eastern and Western fronts. The predominant infec- 
tion in the East was the Shiga strain, in the West the Flexner 
strain. 

Morphology. — The B. dysenterice are small slender bacilli 
much resembling the colon bacillus. They are non-motile, 
but Brownian movement is often active. Gram-negative, 
and non-sporing, and are readily destroyed by heat (58 - 
60° C.) and antiseptics 

Cultural Characters. — The dysentery bacilli are aerobic and 
facultatively anaerobic. On agar a thinmsh creamy growth 
develops ; on gelatin a white growth nearly limited to the 
inoculation track, and without liquefaction. The colonies 
on a gelatin plate resemble those of the typhoid bacillus. 
On potato the growth is either thin, grey and slightly visible, 
or thicker and yellowish or brownish. The colour of neutral 
red media is unaltered. Litmus milk first becomes faintly 
acid, then alkaline ; no clotting. Indole is generally not 
formed (never by the Shiga type) ; occasionally a trace may be 
detected. As regards fermentation reactions, gas is never 
formed. All strains ferment glucose with the formation of 
acid ; none of the ordinary strains ferments lactose. Rome 
strains (the Flexner type) ferment mannitol ; other strains 
(the Shiga-Kruse type) have no action on this alcohol. The 
principal fermentation reactions are given in the table on 
p. 350 ; they are somewhat variable with different strains, but 

* See Reports to the Medical Research Committee, Special Rep. Series* 
No. 5, 1917 (Rajchman and Western), No. 29, 1919 (Fletcher and Maekinnon). 
No. 30, 1919 (Getting), No. 40, 1919 (Budgeon), No. 42, 1919 (Andrewes and 
Inman) ; Andrewes, Lancet , 1918, vol. i., p. 560. 
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differentiation may be accomplished by agglutination, satura- 
tion, and complement fixation tests. The following four types 
of dysentery bacilli are ordinarily distinguished by their action 
on sugars and mannitol : 

(1) [Fermenting glucose alone [Shiga, Kruse, Flexner 

(Newhaven)]. The Shiga-Kruse Bacillus . 

(2) [Fermenting glucose and mannitol (Hiss and Russell’s 

Y bacillus, Ferran, Seal Harbour bacillus). The 

Y -Bacillus. 

(3) Fermenting glucose, mannitol and saccharose [Strong 

(Manila)]. The Strong Baczllus . 

(4) Fermenting glucose, mannitol, and maltose (Flexner, 

Harris, Gay, Woolstein). The Flexner Bacillus. 

By agglutination, however, these four cultural types form 
ihree groups, for the Shiga strain is agglutinated by Shiga 
serum only, the Flexner and Y strains by either of the two 
sera, but not by Shiga serum, and the Strong by its own serum 
only. The Strong, therefore, remains separate both culturally 
and by agglutination, but as it has not been isolated any- 
where since its discovery in the Philippines, the dysentery 
bacilli fall into two principal groups, the Shiga and the 
Flexner- Y. 

The fermentation reactions are not altogether constant 
and are liable to some variation ; it is stated, for instance, 
that the original Strong strains now fail to ferment saccharose. 
Forms fermenting dulcitol or giving a permanent acidity with 
lactose should probably as a rule be excluded from the dysen- 
tery group. 

As regards the Flexner- Y group, by cross-agglutination 
and absorption tests the Flexner bacilli may be regarded 
as forming at least four races (designated V, W, X, Z) The 
Y bacilli also seem to form a distinct race (Andrewes and 
Inman). On th v other hand, the Shiga bacilli form a single 
serological race. 

Other dysentery bacilli are known, inagglutinable with 
Flexner serum, and formerly regarded as inagglutinable 
Flexner- Y strains. These are the cause of dysentery in 
Norway, Sweden, Denmark, and occasionally elsewhere. 
According to Thj^tta and Sonne these constitute a distinct 
group, which may be termed the Sonne group, serologically 
entirely distinct from other groups. The Sonne bacilli 
ferment mannitol, maltose, saccharose after some days, and 
occasionally lactose (but not within the first twenty-four 
hours). Indole is not foimed. This group probably includes 
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the atypical dysentery bacilli, referred to by some authors as 

pseudo- ” and 44 para- ” dysentery bacilli.* 

Agglutination reaction . — The agglutination reaction is given 
by the blood of patients suffering from the bacillary form of 
dysentery, but not by the amoebic form (unless a double 
infection be present, which occasionally is the case). Agglutina- 
tion in Shiga infections commences between the fifth and 
twelfth day of the disease. A non-dysentery serum may 
agglutinate the Shiga bacillus up to a dilution of 1 in 50, but 
agglutination in a dilution of 1 in 64 or over may be considered 
to be diagnostic. In Flexner infections, no agglutination 
should be considered to be diagnostic m dilutions lower than 
1 in 256. Not every case of dysentery gives agglutination, 
which may occur only with the particular strain causing the 
infection. 

Pathogenic action . — No characteristic lesions are produced 
in animals by administration of the dysentery bacillus per os. 
In man, cultures given by the mouth are stated to have 
induced a typical dysentery. Animals such as rabbits, 
guinea-pigs and mice are very sensitive to injection of living 
and killed cultures ; in fact, it is very difficult to immunise 
animals against the organism. Amounts of 0* 1-0-2 mg in. 
of an agar culture given intravenously or intraperitoneallv are 
fatal to these animals. The Shiga strain seems generally to 
be the more virulent one. 

In man the organism is abundant m the bloody mucoid 
discharge from the bowel, and occasionally may be recovered 
from the blood. At an early stage it may be isolated from the 
fseces by means of litmus lactose agar plates, on which it forms 
small transparent blue colonies , at a later stage (after two to 
three days) the other organisms in the bowel multiply to such 
an extent that isolation may become difficult. The material 
should be quite fresh, and amlin-dye media are better avoided. 
44 Carriers ” occur and help to spread the disease, which 
may be conveyed by infected water and food and by flies. 

Toxins. — The filtrate of dysentery cultures (four to six 
weeks old), particularly the Shiga strain, in a somewhat 
highly alkaline broth (broth just alkaline to litmus -j- 7 c.c. 
normal NaOH per litre) is markedly toxic, 0*1 c.c. being a 
fatal dose for a large rabbit, f 

Anti- serum and Vaccine. — The serum of horses immunised 
with the toxin, or with dead and then with living cultures, 

* See Medical Science ; Absts. and Reviews, i., 1919, p. 348. 
t Todd, Journ . of Hygiene , vol. iv., 1904. p. 480 (Bibliog.). 
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possesses marked antitoxic properties, and the use of this 
antitoxic serum has been successful in cases of acute bacillary 
dysentery. Shiga obtained a reduction in mortality of from 
22 to 7 per cent, by the use of serum in a severe epidemic, 
and striking results were obtained by Buffer and Willmore * 
in Egypt and by Manson-Bahr in Fiji. It is necessary, how- 
ever, to employ a serum prepared with the particular strains 
of the disease. 

When the disease has become chronic the use of a vaccine } 
consisting of a culture sterilised by heat, is sometimes beneficial. 
Dysentery vaccines for prophylaxis have been tried, but their 
toxicity is a disadvantage. This may be overcome by Gibson’s 
method of combining anti-serum with the vaccine. 

Asylums Dysentery and Summer Diarrhoea of Infants. — Both 
in America and in England some cases of summer diarrhoea 
of infants are found to be associated with the B . dysenteries . 
The asylums or institutional dysentery, or ulcerative colitis, 
is also due to this organism, and in this country is almost 
invariably due to the Flexner type. 

Other organisms have been described as being capable of 
inducing diarrhoea or dysentery, such as the Schmitz and Gettings 5 
bacilli. The former is culturally like JB . shigce, except that it 
forms indole and is inagglutinable with Shiga serum. Gettings 5 
bacillus is culturally identical with the Flexner bacillus, but is 
inagglutinable with Flexner serum of any type. 

jSpirobacillus zeylanicus is an organism described by Castellani 
and occurring in diarrhoeic and dysenteric stools. It is charac- 
terised by extreme pleo morphism, appearing as bacillar, vibrio -like, 
spirillar and pseudo -spirillar forms. It is Gram -negative and 
motile and grows on agar as a greyish film, not unlike the growth 
of B. dysenteries . On gelatin it forms a whitish film without 
liquefaction, and on potato a brownish-red growth, somewhat 
like that of B. mallei on this medium. Milk is rendered alkaline 
and not clotted. Neither acid nor gas formation occurs with 
fermentable substances, but an alkaline reaction usually develops. 
The colonies on Conradi, Endo and MacConkey agar media are 
much like those of the dysentery -typhoid group. It is non- 
pathogenic to animals and probably non-pathogenic to man. t 

Clinic al Diagnosis. 

The stools contain a preponderance of swollen polymorpho- 
nuclear leucocytes with ring-like nuclei, some large (20—30 fju) 

* Brit. Med. Journ., 1909, vol. ii., p. 862, and 1910, vol. ii., p. 1519. 

f See F. E. Taylor, Journ. Pathol, and Bacteriology, vol. xxii., 1919, 

p. 262. 
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macrophage endothelial cells (which must not be mistaken for 
amoebae), and absence of amoebae and Charcot -Leyden crystals 
(cf. amoebic dysentery). 

(1) Agglutination . — The patient's serum may be examined for 
agglutination against the Shiga and the Flexner strains by the 
methods given on p. 324. Cultures for the “ Standard” method 
are supplied by the Oxford laboratory ; the mixtures should be 
heated at 55° C. for four hours. 

Davies finds that the bowel exudate may give an agglutination 
reaction earlier than the blood. 

(2) Examination of the Faeces. — This may be carried out by the 
method given on p. 331 ; the material should he quite fresh. Rectal 
swabbings may be used. Raj chman and Western’s method ( loc . 
cit.) is as follows : — 

Dilutions (p. 330) are plated on litmus lactose agar and incubated 
overnight at 37° C. Suspicious blue colonies are then picked out 
and sub-cultured on sloped agar tubes ; not less than three 
colonies should be sub -cultured. Experience will decide what 
blue colonies to select ; some blue colonies may be alkali-producers 
and not simply non -lactose fermenters which often give at this 
stage colourless or pale colonies. The general appearance, struc- 
ture and consistency of the colonies are important characters, as 
well as the colour. 

The sub-cultures on agar are incubated overnight, and some of 
the cultures may then be excluded by the macroscopic appearance 
of the growth. Those finally selected are sub-cultured into 
Durham’s tubes of the following sugars, etc. : 1 per cent, glucose, 
lactose, maltose, saccharose, mannitol and dulcitol in litmus 
jieptone water. These are then incubated overnight, and some 
may again be rejected owing to fermentation of lactose. The 
likely strains are then agglutinated with specific sera according to 
the indications given by the sugar reactions. Any sugar tubes 
which show no change should be incubated for a further period. 

Bacillus [Bacterium] Coli. 

The Bacillus coli ( B . coli communis ), or colon bacillus, 
is, as its names implies, a constant inhabitant of the intestinal 
tract in man and animals (except perhaps in certain arctic 
animals), and is one of the most widely distributed organisms 
in nature. It is an organism of considerable importance in 
pathological processes, and its presence serves as an indication 
of pollution in water, shell-fish, milk and other foodstuffs. 

Although the term “ colon bacillus 55 is applied to a fairly 
well-defined organism (the “ typical B. coli 5? ), a number of 
allied organisms occur differing from the type in one or more 
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characters — e.g. s motility, indole production, fermentation 
reactions, rate and extent of milk curdling, etc. — and these 
varieties are said to belong to the 66 colon group,” or are 
termed <c coliform.” 

The B. coh may be readily isolated by inoculating litmus 
lactose bile-salt pep tone- water tubes with a trace of a suspen- 
sion of fresh faeces, growing for from twenty-four to forty-eight 
hours at 37°-42° C., and plating the culture on litmus lactose 
agar or on Conradi-Drigalski agar, or by direct plating of 
the faeces suspension on the last-named medium (see also 
“ Water ”). 

Morphology. — The B. coli is a short rod averaging 2 or 3 y 
long and 0-5 /x broad, frequently linked in pairs or more. 
It is often so short that it is merely ovoid in shape ; and, on 
the other hand, longer individuals and involution forms occur 
10 yu or more in length (Plate XVII., a). It is feebly motile, and 
possesses flagella to the number of three or four on an average, 
which are shorter and straighter than those of the typhoid 
bacillus. It is sometimes met with in diplococcoid form, 
which by cultivation in ascitic fluid may become fixed. 
Capsulated forms have been described. 

Spore formation does not occur, but vacuolation may 
sometimes be observed. The organism stains well by the 
ordinary anilin dyes, but is Gram-negative. 

Cultural Characters. — The B. coh is aerobic and faculta- 
tively anaerobic, and grows readily on the ordinary culture 
media from 20° to 42° C. In gelatin plates the colonies 
are visible in twenty-four to forty-eight hours. The deep 
colonies are spherical, granular, and of a pale brownish 
colour, darker at the centre than at the periphery. The 
superficial colonies are at first punctate, round and almost 
transparent, but subsequently spread on the surface and 
may attain a diameter of 3 mm., the margins become irregular, 
the surface is smooth, they are finely granular and opalescent 
in appearance, and are thicker at the centre than at the 
periphery (Fig. 39). On a gelatin streak a copious white, 
shining, smooth growth develops, the margins of which are 
irregular and crenated (Plate XVII., b), and in old cultures the 
medium becomes opalescent- In a gelatin stab -culture a 
white growth develops along the line of inoculation with one 
or more gas-bubbles. The gelatin is not liquefied. On agar 
and on blood-serum a thick, moist, shining, greyish layer forms. 
There is abundant formation of gas in a stab -culture in glucose- 
agar and in gelatin shake cultures (Fig. 40), provided the latter 
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medium be made with, meat, for ct lemco ” gelatin generally 
fails to give gas. On acid potato it forms a straw-yellow , or 



Fig 39. — Colonies of the colon bacillus, superficial and deep 

brownish-yellow, moist, thick growth, with darkening of the 
potato, but if the potato is not fresh and acid in reaction the 



Fici. 40. — Colon bacillus. Gelatin shake culture showing gas production. 

growth may be colourless. Milk is a good culture medium, and 
is curdled in from one to seven days. This curdling is princi- 
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pally due, not to an enzyme, but to the formation of a con- 
siderable amount of lactic acid, though, a milk-curdling enzyme 
has been described by Savage * as being formed under certain 
conditions. The gas which is produced in culture media under 
aerobic conditions consists of hydrogen and carbon dioxide. 
Under anaerobic conditions marsh gas is stated to be also 
formed. The ratio of H to C0 2 is about 2 : 1 for dextrose and 
lactose. In broth it produces a general turbidity without 
film formation, and the culture gives the indole reaction on 
the addition of a nitrite in twenty-four to forty-eight hours. 
Lead-acetate is not darkened. 

The table, pp. 348 et seq ., gives the fermentation reactions 
of B. coh and a number of organisms belonging to the typhoid- 
colon group', fox which the author is indebted to Professor 
Castellani 

B. coli is an active fermenter of many carbohydrates, 
alcohols, and glucosides,*f~ c.g., glucose, lactose, galactose, 
mannitol and dulcitol, but not of adonitol. Cane-sugar 
may or may not be fermented ; sometimes only acid is 
formed, sometimes both acid and gas are produced. To 
the variety producing both acid and gas from cane-sugar 
Durham gave the name B. coli communior. Neutral red 
in glucose broth is changed to a fluorescent yellow, and 
Houston describes a typical B. coli as “ daginac/’ %.e., pro- 
ducing fluorescence in neutral red glucose broth (£), acid 
and gas from lactose (ag), indole in peptone-water (m), and 
acid and curd in milk (ac). The majority of the B. coh of 
fresh faeces give this fLaginac reaction and do not ferment 
saccharose. The colonies on Conradi-Drigalski agar are large 
and red (see C£ Water 57 ). The B. coh does not give the Voges- 
Proskauer reaction (p. 311). 

Bacteriologists usually make use of the following tests 
for the differentiation of B. coli : (1) Morphology, (2) motility, 
(3) Gram staining, (4) characters of growth and of colonies 
on gelatin, (5) non-liquefaction of gelatin, (6) action on milk, 
(7) indole formation, (8) fermentation of glucose, (9) fermenta- 
tion of lactose, (10) action on neutral red. MacConkey 
suggests that instead of tests Nos. 4, 6, 7, 8, and 10, the 
following should be substituted : (a) fermentation of dulcitol, 
but not of adonitol and inulin ; (b) the Voges-Proskauer 

reaction. 

* J ourn. Pathol, and Bacf , November, 1904. 

f Bee Twort, Proc. Roy. Sac. Loud., b, vol. Ixxviii., p. 329 ; MacConkey, 
J ourn. of Hygiene, vol. v., 1905, p. 333, and vol. vi., 1906, p. 385. 
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The thermal death-point of the organism is about 60° 0. 
with an exposure of ten minutes. The B. coh will grow freely 
in a slightly acid medium, and in media containing as much as 
0-15 per cent, of carbolic acid. In this respect it is a more 
resistant organism than B. typhosus. 

Chemical Products. — The acids produced are mainly lsevo- 
lactic acid with some dextro-lactic acid from glucose, Isevo- 
lactic acid only from mannitol ; also acetic, formic and succinic 
acids, and alcohol. According to Harden, B. coh attacks 
glucose in a characteristic manner, each molecular proportion 
of sugar yielding half a molecular proportion of acetic acid and 
of alcohol, and one molecular proportion of lactic acid, together 
with a small amount of succinic acid, and gaseous carbonic 
acid and hydrogen.* Nitrates are reduced to nitrites. 

No toxin, or a trace only, is formed in cultures, but the 
dead bacilli are toxic and pyogenic, and a toxic fluid is 
obtained by autolysis of cultures or by triturating the bacilli 
with liquid air (Macfadyen). 

Vaughan,f by extracting the washed bacterial cells first with 
alcohol, then with ether, and then digesting the ground 
residue with alcohol containing 2 per cent. NaOH, states 
that two constituents are obtained, one soluble in alcohol 
and toxic, the other insoluble in alcohol and non- toxic. The 
latter confers some degree of immunity on animals injected 
with it. 

Pathogenicity. — The pathogenic action and pathogenicity 
of the B. coli are very varied. Introduced into the circulation 
or into the peritoneal cavity in guinea-pigs or rabbits it usually 
causes death in from one to three days with a general septi- 
caemia. Some varieties are, however, non-virulent to animals. 

In man the colon bacillus is associated with a number 
of important pathological processes. It is usually the organism 
causing the peritonitis which is due to infection from the 
intestine, as in hernia with obstruction or perforation, in 
ulceration of the bowel and enteritis, in cancerous growths, 
and affections of the appendix, biliary canals, and gall-bladder. 
The exudation in these cases is often characteristic ; at first 
it is clear and greenish, it then becomes greenish-yellow, thin, 
semi-opaque and foul-smelling, and finally purulent. The 
colon bacillus may pass through the intestinal wall where it 
has been damaged, but not yet perforated, as in strangulation. 

The B. coli is a pyogenic organism, and has been met 

* 8ee also Hevis, Centr. f. BaJct. (2te Abt ), xxvi , 1910, p. 161. 
t Trans. XIV. Internal. Cong. Hygiene (Berlin, 1907), Bd. iv., p. 28. 
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with in ischiorectal abscesses. Possibly it causes in some 
instances the pneumonia and pleurisy occurring after peri- 
tonitis, for it has been obtained from the lung and pleura in 
these conditions, but it must be recognised that the B. coh is a 
common secondary or terminal infection. B. coli sometimes 
induces puerperal fever and other forms of septicaemia, and 
it is a common cause of cystitis and other infections of the 
urinary tract. Coliform organisms are also frequent in dirty 
septic injuries and gunshot wounds, particularly in the early 
stages. 

Dudgeon notes that severe acute infections of the genito- 
urinary tract may be caused by a motile haemolytic Gram- 
negative bacillus. It ferments glucose, dulcitol and manmtol 
with acid and gas, lactose late with acid and slight gas, 
saccharose with alkali and no gas. Milk is acidified and 
curdled. 

In the Pictou cattle disease, characterised by extensive 
hepatic cirrhosis, Adami found a minute diplococcus or short 
bacillus. A similar form was afterwards isolated by him 
in hepatic cirrhosis in man. Miss Abbott,* from a study of 
several such cases, came to the conclusion that this organism 
is a variety of the B . coli It has been suggested that hepatic 
cirrhosis is produced by poisons or toxins, eg., of the B. coh , 
and that alcoholism, the usual cause assigned, is but an exciting 
or secondary agent. 

Anti-serum and Vaccine. — Attempts have been made to 
prepare an anti-serum for the treatment of B. coli infections, 
but its use has been attended with little or no success. 

A vaccine consisting of a killed culture is frequently of 
service in the treatment of chronic B. coh infections, e.g ., 
cholangitis, cholecystitis, pyelitis, and cystitis, but it some- 
times fails to act ; it should always be an autogenous one. 
The B. coh vaccine is more toxic than most vaccines, and 
treatment, should, therefore, be commenced with small 
doses (see p. 201). 

Winslow, Kligler and Rothberg consider that four distinct 
species, with three varieties based on motility, should be included 
in. their Group V. of the Typhoid-Colon bacteria : — 

(1) B. neapolitanus. — Non-motile. Ferments sucrose, but not 
as a rule dulcitol and adonitol, and never mosite. 

(2) B. commitnior . — Sluggish motility. Ferments sucrose and 
dulcitol, but not adonitol. Var. coscoroba, non -motile. 


* Journ . Path . and Boot vel. vi., 1900, No. 3, p. 315 (Bibliog.). 
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(3) B. eoli . — Sluggish, motility. Ferments dulcitol, hut not 
sucrose or adonitol. Var. immobilis , non-motile. 

(4) B . acidi lactici. — Non-motile Ferments adonitol, hut not 

sucrose and dulcitol. Var. G-runfhal , motile. 

In Group VI. of the Typhoid-Colon bacteria they place : 

(5) B. ( laciis ) aerogenes — Found in the intestine of nurslings 
and in milk. Much like B. coh , hut is non-motile. It differs from 
B. coll by not fermenting dulcitol, by fermenting sucrose and 
adonitol, and by giving the Voges-Proskauer reaction. According 
to Harden and Walpole,* its action on glucose differs from that of 
B. eoli, more alcohol being produced and formed at the expense of 
that part of the molecule of the sugar which m the B. eoli fer- 
mentation yields acetic and lactic acids. 

The B, aerogenes , which may be classed among the capsulated 
bacilli, is occasionally pathogenic, causing peritonitis, f In these 
circumstances it is capsulated, but the capsule is difficult to stain. 
It seems probable that the B capsulatus of Pfeiffer is identical 
with this organism. 

(6) B. cloacce (Jordan). — Met with in sewage. In general 
characters it much resembles B. coh , hut is non- motile and pro- 
duces more gas (75 per cent.) from glucose and liquefies gelatin 
in four or five to thirty days. Like B. aerogenes, saccharose is 
always fermented and the Voges-Proskauer reaction is positive, 
hut neither dulcitol nor adonitol is fermented. 

Clinical Examination. 

(1) The axipearance and odour of the pus are often chaiacter- 
istic. Smears of the pus show small bacilli, which are decolounsed 
by Gram’s method. 

(2) The organism may he isolated by plating on gelatin, agar, 
litmus lactose agar, Conradi-Dngalski agar, or by the use of 
neutral red or bile-salt media (see “Water”). The isolated 
organism must be tested as to its morphology, motility. Gram 
staining, action on gelatin, mdole production, curdling of nnlk, 
and fermentation reactions. 

(3) An agglutination reaction may likewise he tried, but it 
negative is of little value, as there are so many varieties of the 
colon bacillus, and one variety may not he agglutinated by the 
specific serum obtained with another variety. A positive reaction 
must also he controlled, as the colon bacillus tends to he agglu- 
tinated by normal serum. 


* Journ . of Hygiene , vol. v., 1905, p. 48S ; Proc . Roy. Soc. Jojirf , B. 
vol. xxvii , 1906, p. 399. 

t See Churchman, Johns Hopkins Hasp. Bull ., vol. xxii., 1911, ja 110 
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Table showing Cultural Reactions of Certain Aerobic Non-spore Producing 
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Intestinal Bacilli , with Names arranged in Alphabetical Order , 
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IntesTui'tl Bacilli, with Names arranged in Alphabetical Order — continued. 
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Table $ho witty Cultural Reactions of Certain Aerobic Non-spore Producing 
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Intestinal Bacilli , with Names arranged in Alphabetical Order — continued 






, ^ , 



gd 



- 

C O 

i: c c 

£ 

s 

| 1 f 

~ , § 

z» 

r 

O 

- 


-r 

* t ^ 1 "s 

r 


So , H 



7 1 


Remark". 





>> 1 tS 







r * ^ « 



-5j A 

H , 2 


5 

© 




AG AG AG 






0 

Gt 


0 

AG AG AG 



, 



o 

Gt, 










IS 


0 

AG AG AG 

AG 

o 

O AG 

O AG 

() 

() 

Gt 


0 

AG AG AG 

0 

o 

C) 1 AG 

0 0 or 

0 

0 

Gt 







As , 





0 

AG AG AG 

AG 

0 

O | AG 

0 0 

0 

0 

Gt 

Certain sti.uns tvpnal "*T(il«jgit alh , 










mav pioducc at tune- only A instead 
ot AG ; some "trains do not Itrinmi 





1 





mosite (Weiss and Pace) 


0 or 0 

1 As ; 

0 

0 

0 0 

0 0 

1 

= 


Gt 


0 

AG AG AG 

AG 

AG 


0 

0 

0 

Gt 


A 

0 1 A A 

0 

A 

O 0 

0 0 

0 


Gt 


0 

0 1 AG A or 0 

0 


0 

+ 


Gt 

Cultures emit a disagreeable odour 

AG 

i 






Hauler distmgui-hed at flmt time 


: i 



1 

1 





■varieties of protest: P ntljar^ 
(rapid liqinfattion or gelatin), P 
mirabihs (slow liqindat tarn), P Zp li- 
ken (no liquefat tiorn , later nhau- 
doned this differentiation <p Ad 1 * 

0 

AG AG AG 

0 

AG 

0 AG 1 

0 ; AG 

T 

0 

Gt 

Differ" irom B. asmtiers m ft. mu ntuug 





i 

1 




dulcite 

0 

AG AG i AG 1 0 

AG 

0 AG 

0 AGs 

__ 

0 

Gt 

Differ* irom B t oh m ft minting 






1 



Ps 

sauharO"e, b longing to tn * group 
com m amor ol cohtorm Imjlh 

0 

AG AG AG : 

O 



o 

0 

Gt 

Identical w ith B aertry> ie, at.' oidmg t< > 










Bainbndae 


i A A 





-f. ; 

0 

Gt 


0 

0 

0 




4- 

0 

Gt 

Tnfompletely d^erm* d 

0 

AG AG ! AG 

AG 

0 

0 AG i 

0 As ' 

4-s 

0 

Gt 

Culturalh and «‘ j rulog'»_aIh \e» . • ke 
B aertnjekr Other w.vm- t<e 

B suipeshfer are It • }<oh, «r > n* 

B of * hoq-ehulem , Salmon and I 
Smith (IftSu) tfeeep 3J4? 

0 

0 A [ A 

A 

A 

0 1 0 

o ; a 

4* 

0 

Gt 

0 

A 1 A ; A 

0 

A 

O A 

0 A 

+ 

0 

Gt 


0 

AG AG AG 


0 

o ; 

i 0 

0 

0 

Gt 

The name is applied to different organ- 


, 



i 





isms. some strain- being serologa alh 


1 



i i 





identical with B a»iti ycLe, other- 
with B enter didis, Gartner, otn* r- 


1 



> 1 

! 




with B paratyphtmos B (Bam- 
bndge) 

0 

A i A i A 

0 

0 ! 

0 0 

0 i As 

0 

0 

Gt 

Certain strains milk A, Aik. 

o 

AG AG AG 

0 

o : 

0 AG 

0 AG 

0 


Gt 


0 

AG t AG 1 AG ! AG , 

o ! 

0 ! A 

0 j 0 

0 


Gt 


o 


0 ! 



. ! . 

+ 

0 

.. 


0 

AG | AG 1 AG 

AG | 

0 | 

0* AG , 

0 A 

+ . 


Gt 



... 0 0 


A , 

0 AGj 

0 

+s , 


Gt 





1 

1 

4- | 

... 1 

Gt 



AG j *A 


AG 

1 

0 AG 

1 i 

*..] i 6 

i 

+s , 

1 

Gt 



fi = slight ; A, Aik = acid, then alkaline ; Gt — general turbidity ; P = pellicle ; vs == very "light ; 
production of indole, non-hquef action of gelatm or serum as the case may be. -t- = positive result ; 
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" Coliform Organisms. 

Organisms are frequently met witli in faeces, manure, sewage and 
polluted water which resemble the typical B. coh in many of their 
characters, hut which differ from it in certain particulars. Thus 
the colonies on gelatin, instead of being smooth, may be wrinkled ; 
milk may be but slowly curdled (three to eight days) ; acid or gas 
production, or both, in sugars may he less marked than usual. 
These forms, termed coliform organisms, are generally regarded 
as varieties of the B. cob, and are perhaps derived from typical 
B. eoh. There is, however, little evidence that B . coli can be 
transformed into such varieties, or that these varieties can be 
reconverted into typical B. coli. though Revis has produced con- 
siderable alterations of fermentative power, and in the characters 
of the colonies of certain coliform organisms. 

A number of other organisms, which have been given distinctive 
names, are allied to B. coh (consult table of fermentation re- 
actions). 

Fries as Carriers of Infection. 

Flies and other “ insects may convey infection (1) by acting as 
“ porters ’* carrying the virus and infecting food, etc., (2) by 
direct inoculation in the case of biting 55 species, (3) by inocu- 
lation after a cycle of development — m which case the carrier 
is more or less specific ; e.g anophelilie mosquitoes in malaria. 
In the first method the organisms are generally bacteria, occa- 
sionally ova of worms ; in the second, bacteria or protozoa ; 
in the third, generally animal organisms, e.g., protozoa, filarne, 
etc. 

The common domestic flies, the blue-bottle and other similar 
flies (of which there are many) have no biting proboscis, but 
undoubtedly directly convey infection to food, etc., by carrying 
organisms upon various parts of their body, or by the organisms 
being regurgitated from the stomach or passing through the 
digestive tract and infecting the food with the faeces. In this 
wai , typhoid and paratyphoid fevers, bacillary dysentery, B. 
enter it id is, summer diarrhoea, cholera, and possibly anthrax, and 
also the ova of certain worms, may be conveyed. 

The common house-fly (J lusca domestica) breeds in dung and 
garbage containing dung, and has ordinarily a range of flight of 
about a mile, t bough it may fly- as far as fifteen miles. The house-fly 
experimentally infected remains grossly infected for at least three 
days, and a smaller degree of infection persists for ten days or 
even longer.* 


* See Me ports to the hot Gor. Board on Flies as Carriers of Infection, 
Nos. 1-4, 1910 and 1911. Martin, Brit. Med. Journ 1913, vol. i., p. 1. 







CHAPTER XL 


BUBONIC PLAGUE— CHICKEN CHOLERA— MOUSE 
SEPTICAEMIA. 

Bubonic Plague. 

Plague was epidemic throughout Europe during the 
Middle Ages 5 it appeared in England in the fourteenth 
century as the Black Death, and in the seventeenth centurv 
as the Great Plague of London, while numerous lesser visita- 
tions have been recorded. Although the disease seems 
always to have been endemic in certain centres, e.g . in Asia 
Minor, on the Persian Gulf, in Yunnan, m Uganda, etc., it 
was unknown in epidemic form from the early part of the 
nineteenth century until it appeared m Hong Kong in 1894, 
from whence it spread to India m 1896, and subsequently 
became pandemic. 

Three principal types of the disease are recognised, the 
bubonic, in which the femoral (rarely the inguinal), axillary 
and other glands become enlarged (whence the disease derives 
its name), the septicemic, and the pneumonic. In India the 
disease has been mainly bubonic (70 per cent, of the cases). 
Some epidemics assume the pneumonic form, as for instance in 
Accra in 1907, in the small outbreak in Suffolk in 1910. and in 
the great Manchurian epidemic of 1909-10. Primary sep- 
ticemic cases are the exception, but any form tends to become 
septicemic on the approach of death. Even bubonic cases 
generally have a few bacilli in the blood 

At the commencement and at the end of an epidemic the 
disease may assume an extremely mild type, the so-called 
“ pest is minor. 57 

Bacilli were first observed in this disease in the blood, 
buboes, and organs by Kitasato in 1894. In the same year 
(1894) Yersin investigated the outbreak of bubonic plague at 
Hong Kong, and described the bacillus met with m the buboes 
and its cultural and pathogenic properties very fully. This 
organism is known as the Bacillus pest is. 

Morphology. — The B. [Pasteur ella~\ pest is belongs to tl e 
group of haemorrhagic septicsemic bacilli (chicken cholera. 
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rabbit and ferret septicaemia, swine plague, etc., see p. 364), 
and is a markedly pleomorphic organism. It is non-sporing’ 
non-motile, and Gram-negative. In the animal body it occurs 
for the most part as a short, plump rod, measuring 2—3 /x by 
1-2 /x. but longer forms may be seen here and there measuring 
as much as 5 p. Polar staining is a marked feature in prepara- 
tions stained with Ldffier’s blue or dilute carbol-fuchsin, 
(Plates XVII., c, and XVIII., a) and swollen involution forms 
occasionally occur. The typical bi-polar-staining, short, 
stumpy bacillus is met with in smears from the early buboes, 
in the sputum in the pneumonic form, and in the blood in the 
septicaunic variety, but only in the earlier stages of the 
disease. Later the typical forms tend to disappear, their 
place being taken by a few large, rounded, ovoid, or pear- 
shaped involution forms. Under cultivation the bacilli in 
young cultures (twenty-four hours) are so short as to be almost 
coccoid or slightly ovoid ; on agar their size is about the same 
as that in the animal body, on gelatin they are somewhat 
smaller, but a few well-marked or long rods are always present. 
In older cultures, long rod and involution forms occur more 
numerously : on agar containing 2-3 per cent, of salt the 
latter are swollen and yeast-like. 

In broth the organism assumes the form of a streptobacillus, 
chains of slightly ovoid organisms occurring (Plate XVIII , b). 

Young cultures of recently isolated strains of B. pest is show 
polar staining, but with old laboratory strains it may be com- 
pletely absent. Polar staining may sometimes be restored in 
such cases by first treating the preparations by the Gram 
method, and subsequently re-staining with Loffier’s blue or 
weak gentian violet. Sections are best stained with carbol 
methylene or thionine blue. 

Cultural Characters. — The B. pestis is aerobic and facul- 
tatively anaerobic. The primary cultures tend to develop 
best at about 27" C. On blood-serum it forms moist, smooth, 
shining, cream-coloured colonies or growths, slightly raised 
above the surrounding medium. The blood-serum is not 
liquefied. 

On agar the colonies are raised, round and cream-coloured, 
finely granular, denser at the centre than at the margins, 
which are regular. Bize 0*25 to 0*5 mm. in two days at 

37" e. 

On surface agar the B. pestis forms a thick, opaque, moist, 
smooth, cream-coloured growth, the margins of which are 
usually markedly cremated ; the growth is very sticky and 



PLATE XVIII. 



b. Bacillus pestis. Broth culture. X 1500. 
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tenacious. HafEkine states that when grown on dry agar (agar 
which has been kept in the warm incubator for two to three 
weeks), the growth, when viewed from the back, has a dull, 
silvery appearance like the back of a mirror. 

On a salt agar (2*5— 3*5 per cent, of sodium chloride) Hankin 
describes the development of remarkable spherical or pear- 
shaped involution forms. 

On gelatin the colonies are whitish, filmy, finely granular 
with regular margins. Size, 0*1 
to 0*25 mm. in five days at 22° 0. 

On surface gelatin the organism 
forms a thin, white, granular 
growth, with slightly irregular 
surface and margins, and nearly 
confined to the inoculation track 
(Fig. 41). The growth does not 
penetrate into the medium, nor 
render it cloudy, and is very 
adherent. 

In a stab gelatin culture a 
delicate whitish, finely granular 
growth develops to the end of 
the stab, with little tendency to 
spread from the needle track. 

The gelatin is not liquefied 
Both in agar and gelatin cultures 
fresh punctate growths sometimes 
develop in the original growth, 
simulating a contamination. No 
growth occurs on potato ; milk is 
acidified but not curdled. 

In broth the growth is some- 
what characteristic. For two or 
three days the broth remains almost clear, but a flocculent 
growth forms and gradually increases in amount on the bottom 
and sometimes upon the sides of the tube. After some days 
the broth may become a little cloudy. A delicate flocculent 
film develops if the tube be kept absolutely at rest. In broth 
to which a little butter-fat or ghee has been added little islands 
of growth appear on the surface, from which flocculent tapering 
dependent growths form in about a week, provided the tubes 
or flasks be kept absolutely at rest, the bulk of the broth 
remaining clear. This is the stalactite growth of Haffkine, and 
is very characteristic (B. pseudo-tuberculosis also gives it). 



Fig. 41. — Plague, surface 
culture on gelatin four 
days old. 
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Broth cultures reduce a weak solution of methylene blue, and 
if a week or more old give an indole reaction. 

The fermentation reactions of the B. jjesti#, which Mac- 
Conkev has pointed out are practically identical with those 
of the B. 'pseudo-tuberculosis , are as follows : Acid production, 
but no gas, in glucose, lsevulose, galactose, maltose, mannitol, 
and dextrin, no change in lactose, cane-sugar, and dulcitoh 
Litmus milk is rendered acid or is unchanged ; B. pseud o- 
t ufot'etilo&is renders it alkaline. 

Action of Antiseptics, etc. — The plague bacillus is readily 
destroyed by antiseptics : a 1 : 1,000 corrosive sublimate, 
preferably in acid solution, or 1 : 100 chloride of lime solution 
being efficient. For the practical disinfection of native houses 
a 1 * 250 solution of sulphuric acid may be employed. A 
temperature of 65' C. kills the organism in about fifteen 
minutes. Desiccation over sulphuric acid at 30° C. is also 
rapidly fatal. 

Vitality and Virulence of Cultures. — The plague bacillus 
lives in sputum kept at 0~ C. for 100 days, and in sputum 
smeared on gauze for three weeks. Cultures retain their 
vitality for at least a month. As regards virulence, the organ- 
ism varies much according to the source from which it is 
obtained. Under cultivation it gradually loses its virulence 
unless subcultured in the following manner : The cultures are 
made every week on surface agar, are placed in the blood-heat 
incubator for twenty-four hours, and are then removed and 
kept at room temperature. The virulence may be heightened 
for a particular animal by successive passages through that 
animal, but in so doing is diminished for other animals. 

Pathogenic Action. — In addition to man, the following 
animals are liable to contract plague under natural conditions 
- — the monkey, eat, rat, mouse, squirrel, hare, ground squirrel, 
ferret, bandicoot, and marmot. The guinea-pig and rabbit 
are also susceptible to inoculation. The horse, cattle, sheep 
and goat are relatively insusceptible, though Simpson stated 
that calves and poultry may be infected by feeding, and suffer 
from a chronic form of the disease (this observation of Simp- 
son's has not been confirmed by other workers). Birds are 
not easily susceptible, and vultures feeding on the corpses of 
the plague-stricken do not seem to contract the disease. The 
mouse, rat, and guinea-pig are the animals chiefly used for 
experimental purposes in the laboratory ; the first two t are 
highly susceptible. 

A guinea-pig inoculated subcutaneously with plague material 
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or with a pure cultivation usually dies in from two to seven 
days. The post-mortem appearances are extensive haemorrhagic 
<edema at the site of inoculation, enlargement and congestion 
of the spleen, and enlargement of, and haemorrhages into, the 
inguinal and axillary lymphatic glands. If the animal lives 
six or seven days, the glands may be as large as small nuts. 
The spleen may be enormous, six times its natural size, and 
studded with small yellowish nodules resembling miliary 
tubercles, consisting of necrotic areas with masses of bacilli 
(Fig. 42) ; the lungs also may be more or less inflamed, and 
contain small and large necrotic foci. The bacilli are extremelv 
numerous at the site of inoculation, in the glands, and in the 
spleen, less so in the peritoneal fluid, liver, and Mood : if the 
death of the animal is delaved the exudation in the bronchi 


may contain considerable numbers. Some bacilli may gene- 
rally be found in the duodenum, trachea, and larynx^ Mice 
usually die in from two to 


three days, and rats in from 
three to seven days after 
inoculation. In rats and 
mice the post-mortem appear- 
ances are similar to those 
in the guinea-pig Hats can 
be infected by feeding. 
Babbits are much less sus- 



ceptible to plague than guinea-pigs, hut much depends upon 
the virulence of the strain. A very small dose of a pure culture 
may fail to kill. 


In man the bacilli are found m large numbers in the fluid m 
the buboes, either alone or mixed with streptococci or micro- 
cocci, and in the sputum in the pneumonic form They are 
not usually found in any number in the blood except m the 
septicaemic variety, or shortly before death. 

Toxins. — The plague bacillus forms but little toxin, the 
minimal fatal dose of the most active filtered broth culture 


for a mouse being about 0*02 c c. 

Macfadyen obtained an endotoxin by triturating the bacilli 
frozen with liquid air. 

Vaccines and Immunity. — Of plague vaccines, Hattkine's. 
the Haffldne prophylactic, is the one always employed. It 
consists essentially of a four to six weeks old butter-fat broth 
culture of the plague bacillus, killed by heating to 65° C. for an 
hour, with a small addition of antiseptic. By the use of Haff- 
kine’s prophylactic both the incidence of, and mortality from. 
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bubonic plague are markedly diminished. Wilkinson collected 
the following data of the efficiency of the vaccine : Among the 
inoculated the case incidence was 1*8 and the case mortality 
23*9 per cent. ; among the uninoculated the figures were 7*7 
and 60*1 respectively. It is not protective against pneumonic 
plague. The immunising products seem to be mainly intra- 
cellular. but the broth itself is not without action. 

Other vaccines have also been devised. Lustig and G-aleotti 
prepared one by digesting the growth from agar cultures with 
1 per cent, caustic solution, filtering through paper, and pre- 
cipitating with very dilute acetic or hydrochloric acid, or by 
saturation with ammonium sulphate. The precipitate is dis- 
solved in a 0*5 per cent, solution of sodium carbonate, and filtered 
through a Ohamberland filter ; this forms the vaccine fluid. 
Calmette used 1—2 mgin. of a washed, heated (70° C.) and dried 
agar growth, and Klein obtained protection with 15—25 mgm. 
of the dried and powdered organs of a guinea-pig dead of plague. 

Tersin proposed vaccinating with living culture of feeble viru- 
lence, which has been done by Strong in Manila. Though such a 
method might be used in a plague -stricken district, it is obviously 
on© that can be employed only with the greatest caution. 

Calmette, from laboratory experiments, surmised that protec- 
tion with a vaccine is not attained for some days, and that m the 
interval susceptibility to infection is increased. These observa- 
tions are not borne out in practice, for Bannerman * found that 
t he incidence of plague during the week following vaccination was 
less among the vaccinated than among the un vaccinated, pointing 
to the rapid production of protection. 

Anti-plague Serum. — This is prepared by growing the 
B. pestis on the surface of agar in plate bottles, washing off 
and emulsifying the growth, and for the earlier injections the 
emulsion is heated to 65° C. for one hour, and the commencing 
dose is part of a flask. The injections are given intra- 
venously at intervals of a week. At the end of three months 
the bactericidal power of the blood will have become very 
marked, and living cultures are then injected for a further 
period of about three months until a whole flask-culture is 
given at a dose. An interval of a fortnight is allowed to elapse 
between the last dose and the bleeding of the animal. The 
serum is tested upon mice. 

The anti-plague serum, which is mainly anti-microbic, is 


Cerdmlhlaii f. BuM. (2 £ * Abt.), IBd. xxix., p. 873 (Bibliog.). 
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not very potent, and to be of service large amounts and early 
treatment are essential.* 

Epidemiology. — Infection in the pneumonic form is by the 
respiratory tract bv inhalation of droplets of sputum dis- 
seminated inthe air by another pneumonic case or by a bubonic 
or septiccemic case with secondary pneumonia. The latter 
occasionally occur and may recover, but primary pneumonic 
plague is uniformly fatal and highly infectious, while the 
bubonic and septicaemic varieties are hardly even contagious. 
Although a gastric and intestinal form of the disease has been 
described, and there is evidence to show that food or drink 
may be the vehicle of infection, this must be a rare mode of 
infection. Yersm claimed to have isolated the bacillus from 
the dust and earth of a native dwelling, and Hankin from the 
brackish water in a field The observations of Hankin and 
others indicate, however, that contagion is likely to occur only 
from immediate contact with man or animals, or their excre- 
tions, infected with plague, and not from a saprophvtic form 
of the organism. Human carriers may occasionally exist, 
with the organism m the sputum. 

Certain animals, especially Rcittus nor regie ms (or deenmanus), 
the grey rat, Rattus rattns , the black rat and the mouse ( M us 
muse ulus), are important agents in spreading the disease 
The association of sickness and of death among rats with an 
epidemic of plague has been established by a number of 
observations, and in some instances the epizootic among rats 
has been definitely shown to precede the epidemic in man 
During an epidemic rats mav be found m all stages of illness 
and plague bacilli can be found in large numbers in their 
carcases. In the various epidemics at Sydney, plague first 
occurred among the rats and mice, followed after an interval 
of days or weeks by human cases. Other animals may occasion- 
ally be the means of disseminating the disease, e.p., the ground 
squirrel in California, the marmot in Manchuria, and the 
rabbit in the Suffolk outbreak. The experiments of the 
Advisory Committee on Plague Investigation in India have 
conclusively shown the important part played by rats in the 
dissemination of the disease, though the origin of the primary 
infection in rats is obscure. They may possibly become 
infected from the dust of earthen floors of the native houses 
soiled with excreta or discharges of plague patients, or from 
their clothing, poultices or dressings, but the readiest method 


* See Hewlett’s Serum Therapy, 1910. 
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is probably by feeding on the dead. Once the epizootic has 
started, further infection is simple ; rats fight, and so may 
directly inoculate one another ; sick rats may soil grain or 
other foodstuffs, and dead rats are eaten by their fellows. 
But it is mainly parasitic insects, especially fleas, which 
transmit the disease from one animal to another. Thus it is 
found that if guinea-pigs be placed in a plague-infected com- 
pound, many of the animals contract plague ; but if the 
animals be placed in cages of wire-gauze, the mesh of which 
is small enough to prevent access of fleas, the animals do not 
contract plague. The transmission of the bubonic form of the 
disease from rats to man is similarly due to transmission by 
fleas. The great majority of rat fleas are Xenopsylla cheopis , 
Ceratophyllus fasciatus , Cer. anisus , Ctenopsylla musculi, and 
Ctenophthahnw* ayyrtes , of which the first is most prevalent 
in the tropics and subtropical regions, the second in cooler 
regions and in this country.* The first species is the principal 
vector of plague. Certain districts in India are relatively 
free from plague, and it has been found that another species 
( X . astra) is almost the sole rat flea there. It bites man 
with reluctance, and is a much less efficient vector of 
plague than X. cheopis . Bed-bugs may occasionally trans- 
mit plague. The bacilli multiply in some of the fleas to 
such an extent as to occlude the entrance to the stomach. 
Such fleas will still bite, but on ceasing to suck, some of the 
blood with numerous bacilli in it regurgitates into the wound 
and thus infects. f The seasonal prevalence of plague coin- 
cides with the prevalence of rat-fleas. Humidity favours the 
longevity of the rat -flea, and the decline of plague epidemics 
in Northern India with the onset of the hot weather is probably 
correlated with this factor. The manner in which the periods 
in the year when human plague does not occur are bridged 
over is unknown. In such periods rats suffering from plague 
have been found, but these are regarded as having a retro- 
gressive form of the disease rather than a chronic infection. 
The destruction of rats, either by trapping, poisoning, or 
asphyxiating, or by the use of the Daily sz or other rat virus 
(see p. 335), is. therefore, one of the means to be adopted in 
fighting the disease. The extermination of rats seems quite 
impossible, but by rat destruction there is a likelihood of 
destroying infected animals and the subsequent development 
of a healthy race. On the other hand, objection has been taken 

* SSee Ohk'k and Martin. Journ. of Hygiene, vol. xi , 1911, p. 122. 

* and Martin. Journ. of Hygiene, xin.. Plague Supp. iii., 1914, p. 423. 
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to rat-destruction, it being surmised that if the epizootic be 
allowed to proceed, the susceptible rats will be exterminated 
and a race of rats relatively insusceptible to plague will ulti- 
mately be established. It is still more important to prevent 
access of rats by rendering buildings rat-proof. 

On Plague, see Simpson, Treatise on Blague (Cambridge Univer- 
sity Press) ; Klein, Bacteriology of Oriental Blague ; Reports on 
Plague Investigations in India,'’ Jo urn . of Hygiene (extra numbers), 
vols. vi. et seq . , Uien-Teli, ibid vols. xxi. and xxii. 

Clinical Examination. 

If it cannot be examined immediately, plague material may be 
placed in a solution containing glycerin 20 c.c., distilled water 
80 c.c. , calcium carbonate 2 grm. The bacilli retain their vitality 
and virulence in this for thirteen days (Albrecht -Ghon method). 

(1) Withdraw a little of the juice from a recent bubo by means 
of an antitoxin syringe. Make smears and stain with methylene 
or thionine blue. Search for short plump bacilli, often in pairs, 
showing polar staining and Gram-negative. Blood cultures may 
also be made. 

JSi.B. — There may be a mixture of organisms in the buboes. 

(2) Make agar plates and broth cultures Incubate the cultures 
at 25°— 27° C., not at 37° C. Prom colonies on the agar jdates the 
organism may be isolated and its cultural and pathogenic characters 
on rats or guinea-pigs ascertained. The appearance of the broth 
cultures, if characteristic, would be very suggestive of plague, 
hut if uniform turbidity develojis this may be due to contaminating 
organisms, e.g ., micrococci. 

(3) Inoculate two rats or guinea-pigs subcutaneously with 
the material. Two other animals should be inoculated by the 
cutaneous method — rubbmg a little of the material on the shaved 
abdomen — and two more by daubing some of the material upon 
the nostrils. If the animals die, investigate for the Bacillus pesiis 
by staining and culture methods. 

(4) In the pneumonic form, smears of the sputum, which is 
markedly haemorrhagic, may be made, stained, and examined. 
Gram’s method will distinguish the B . pestis from the pneumo- 
coccus ; the latter is Gram-positive. Dilute some of the sputum 
with a little boiled water, and proceed as in (2) and (3). 

(5) Serum Reactions. — Agglutination has been tried, but is not 
very satisfactory. 

Complement fixation is stated to he of service in the late stages 
of the disease, when it is difficult or impossible to detect bacilli 
and a diagnosis is desired. 

In the examination of rats suspected to be suffering from plague 
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infection, it is essential not only to take the naked-eye characters 
into account, hut to make microscopical jjreparations and cultures, 
and to test the cultures Ly animal inoculations. Care must be 
taken not to mistake haemorrhagic septicaemia bacilli (see pp. 355, 364) 
and other organisms f oi the plague bacillus. The B. coli , B proteus , 
and other organisms are recorded by Klein (loc. cit.) as simulating 
the B. jtesiis. 

Tularaemia. 

A plague -like disease of certain rodents, particularly the ground 
squirrel, occurring in California and a few other States of the 
U.S.A. It is communicable to man, chiefly through the bite of 
a fly {( 'hrysops discalis), producing a long-continued and debili- 
tating fever, with or without lymphadenitis in the neighbourhood 
of the bite. 

The organism (Bad. tularense) is a minute (0*7 p) bacillus, 
( Irani - n ega t i ve and non -motile. It does not grow oil ordinary 
media, hut may be cultivated on Dorset’s egg medium and on a 
scruin-glucose-cystine agar. It may be obtained from the lym- 
phatic lesions or from the blood. It is pathogenic for guinea-pigs, 
white rats and mice, producing in them plague-like lesions. 

Chicken Cholera, etc. 

Chicken or fowl cholera is a disease of poultry characterised by 
profuse diarrhoea ; its course may he very rapid, and the bird 
found dead without having shown signs of illness. The organism 
{B. [Fasten rella] cholerce-gallinai um 9 B. avisepticus) is a non- 
mot ile, short, ovoid rod, about 1 p * 0*5 p . It shows marked 
polar staining and is Oram-negative (Plate XIX., a). It is aerobic 
and facultatively anaerobic, non-sporing, and is easily killed by 
heat and antiseptics. B. avisepticus grows poorly on most media 
and is apt to die out. It does not grow on bile-salt media, does 
not liquefy gelatin, and in broth after a week produces a viscous 
sediment. It produces no change in milk, but slight acidity in seven 
to fourteen days in glucose, maltose, saccharose, galactose and 
mannitol. Fowls die after subcutaneous, intramuscular or intra- 
venous inoculation and by feeding, the organisms being found 
abundantly in the blood. Other birds, pigeons, pheasants, spar- 
rows. wild and domestic ducks, are also susceptible to the disease, 
and rabbits and guinea-pigs can be successfully inoculated ; in 
the latter animal a local abscess sometimes forms instead of a 
general infection. By continuous cultivation with free access of 
oxygen the virus becomes attenuated, and Pasteur was able thus 
to prepare a vaccine which protected fowls. 

The bacillus of chicken cholera belongs to the group of Ttcemor - 
rhmgie septicaemia bacilli known to the French under the generic 
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name of Tasteurella, and may be identical with Koch’s bacillus of 
rabbit septicaemia. The Tasteurella group generally produce acid 
from glucose, sucrose and mannitol, are indole-positive, but do 
not ferment lactose. The bacillus of svine plague, B. suiseptieus 
[P. suiseptica], also belongs to this group. This is a disease of 
swine now regarded as being a form of swine fever, and the bacillus 
as a secondary or a terminal mfectant. These organisms tend to 
form a stalactite growth in butter broth. 

Another group of diarrhoeic diseases of poultry is known as fowl 
typhoid. This is chiefly caused by B. qall burnt m and B . pullonim . 
These grow well on the ordinary media and produce turbidity in 
broth. The former forms acid only, the latter acid and gas, in 
glucose.* 

Mouse Septicaemia. 

This disease may be conveniently described here. Koch first 
obtained a minute bacillus ( B. uniirisepticus) by injecting putre- 
fying material subcutaneously into mice, the organism being met 
with in large numbers in the blood and tissues. It seems to be 
identical with the bacillus found in swine erysipelas (B. [Ergsipe- 
lothrij *] erysipelatos-sms ), measures only 1 p in length, and occurs 
in considerable numbers in the leucocytes. The bacillus stains 
well by Gram’s method, and is stated by some writers to be monlc. 
It grows readily, forming on agar extremely delicate, almost 
invisible colonies ; m stab gelatin cultures after some time a 
delicate cloudiness radiates from the central puncture. From an 
agar culture the bacilli are somewhat larger than those found in 
the animal body, aud form filaments. It is pathogenic for swine, 
rabbits and mice. 


* See Edmgton, Journ. Path and Bactenol , vol. xxvn , 1024, p. 425 



CHAPTER XII. 

PNEUMONIA, INFLUENZA, AND WHOOPING-COUGH. 
Pneumonia.* 

Pneumonia is of two types, lobular, catarrhal, or broncho- 
pneumonia, and lobar or croupous pneumonia. The former may 
be primary, or may be secondary and arise in connection with 
many of the specific fevers, as in measles, whooiung-eough, 
diphtheria, enteric fever, influenza, plague, etc. The broncho- 
pneumonia occurring in the course of other diseases may be due 
to the causative organism of the disease, or may be due to other 
organisms. Eyre f examined sixty-two cases of broncho-pneu- 
monia occurring in the course of other diseases and 102 cases in 
which the broncho-pneumonia was the primary lesion. Of these 
164 eases, 52*4 per cent, yielded pure cultivations of some one or 
other of six bacteria — pneumococcus, Strep, longus , 21. pyogenes 
var. aureus , 21. catarrhalis , B. pneumonice, and JB. influenzce ; 
whilst 47*5 per cent, gave a mixed growth of one or more of these 
six in association with one or more of five other bacteria — 21. 
fetmgenus, JB. 2 >ertus$is, JB . pyocyaneus , B. typhosus , B. diphtherice. 
The B. coli also occurs in broncho -pneumonia. 

Acute croupous or lobar pneumonia in many of its characters 
resembles an acute specific infection, and while frequently a 
primary disease, may also occur secondarily in almost any con- 
dition, and occasionally in epidemic form. Friedlander m 1882—83 
first described organisms in cases of pneumonia. In 1883-85 
Tala in on, Klein and Sternberg each described in pneumonic 
sputum an oval eneapsuled organism, which induced pneumonia 
in animals ; it was termed by the former the 21 icro coccus lanceo- 
hitus . and by Sternberg the 2Zicrococcus Basteuri. This and 
Friedlander" s organisms were at first believed to be identical, hut 
Frankel and Weiehselbaum subsequently showed that they are 
quite distinct, and that the former is the etiological agent of acute 
croupous pneumonia ; it is frequently known as Franker s pneumo- 
coccus. 

From x>leuro-|meumonia of cattle. Nocard and Roux succeeded 
in cultivating in broth in collodion sacs in the peritoneal cavity of 

* See Glynn and Digby, Special Report Series , No. 79, Medical Research 

Council. 

f Jrmrn. Path, and Pact., vol. xiv., 1910, p. 160. 
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rabbits an organism just visible as minute granules with a magni- 
iieation of 2,000 diameters (B. [Hemophilus*] beonehiseptieiis). 
Bordet * states that it may be grown oil the medium employed by 
him for the cultivation of the B. peHussis (p. 380), and then 
appears as fine, straight, curved, undulating, or even spirillar 
iilaments not unlike spirocliaetes. 

The Streptococcus [DiPLococcrs] pneumoxl-e. 

Morphology. — The Streptococcus pneumomrc occurs in the 
sputum and tissues as an oval or lance-shaped coccus united 
in pairs, occasionally in chains of three or four elements, which 
are then often almost spherical, and is generally surrounded by 
a well-marked capsule (Plate XIX., b). It is Gram-positive 
and non-motile. In order to isolate the organism several tubes 
of blood-agar or Fleming’s medium (p. 379) may be inoculated 
in succession with the same loopful of rusty sputum and 
incubated for forty-eight hours ; in some a pure culture may 
be obtained. A more certain method is to inject i c.c. ol 
diluted rusty sputum into the peritoneal cavitv of a mouse 
The animal will die in from sixteen to twenty hours, and 
cultures may be obtained from the peritoneal fluid or blood. 

Cultural Characters. — The S. pneumotnce is aerobic and 
facultatively anaerobic. It grows indifferently on the ordinary 
media, on which it dies out in three or four days. On glycerin 
agar at 37° G. it forms minute, transparent, almost invisible 
colonies like droplets of fluid , on serum the growth has much 
the same characters, but is somewhat more abundant. It 
hardly grows on gelatin at the ordinary temperature, but in a 
20 per cent, gelatin at 25° C. minute white colonies develop 
without liquefaction. In broth it produces a slight cloudiness . 
it does not grow on potato. Blood (human or rabbit) added to. 
or smeared over, the medium, or an addition of serum to the 
medium are necessary for satisfactory growth of the pneumo- 
coccus ; it also grows well on Fleming's media (p. 379) and on 
nasgar. It is generally bile-soluble. 

The pneumococcus usually ferments glucose, lactose, sucrose 
and raffmose with acid production only, but not salicin and 
mannitol. Milk is usually curdled, and Hiss’s medium (p. 264) 
with inulin is generally fermented and coagulated ; most other 
streptococci fail to ferment inulin. (Glynn and Digby found 
only 35-4 per cent, of pneumococci fermented inulin.) 

Under cultivation the S. pneumoniae usually assumes the 


* Ann. de VInst. Paste ur, xxiv., 1910, p 161. 
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form, of a short streptococcus (Plate XX., a) (included by 
Gordon in his S. brevis class), and the capsule is lost, but is 
regained on passage through a susceptible animal, or by 
growing in fluid serum. The morphology of the organism 
obtained from different sources and under cultivation is 
variable. The thermal death-point of the 8. pnemnonire is 
53 C\„ the time of exposure being ten minutes, and it is readily 
destroyed by the ordinary germicides, by light, and by desicca- 
tion : but in dried sputum it may retain its vitality and 
virulence unimpaired for weeks. 

Dochez and ( lillespie * showed that the pneumococci may 
be divided into groups by agglutination and saturation tests 
(cf. the meningococcus). They divide them into two general 
groups ; the larger of these contains about 80 per cent, of the 
strains encountered and may be further subdivided into three 
smaller groups — I., II . and III. Group III. consists of the 
type known as the Pn . (St reptococeus) mucosas . The smaller 
of the two general groups — Group IV. — consists of a series of 
independent varieties which possess no cross immunological 
reactions with one another, nor with the members of the other 
three groups. The incidence of these groups varies ; in 1,103 
cases observed by Spooner j* 29 per cent, were caused by 
Type I., 21 per cent, by Type II., 11 per cent, by Type III , 
and 39 per cent, by Type IV. Among a body of Porto Pico 
labourers. Type I. infection was present m thirty-four out of 
fifty-two cases. 

Six Spencer Lister J also showed that pneumonia on the Pand 
is associated with at least four groups of pneumococci which 
are additional to those recognised bv Dochez and Gillespie. 

The Strep, mucosas was first obtained by Howard and Per- 
kins from a case of peritonitis, and has since been met with in 
pneumonia and otitis media. It occurs as a capsulated organ- 
ism but tends to form longer chains and to grow more freely 
than the S. pneumoniae. The chief points of difference between 
the two organisms are — (1) though apparently capable of 
causing pneumonia, it is infrequent in this disease ; (2) on 

subcutaneous inoculation into an animal it tends to cause a 
mucoid oedema at the site of inoculation ; (3) it forms a capsule 
when grown in lactose serum broth, which the S. pneumonias 
does not do.§ 

* Joi*rn. A a ter. Med. Assoc., 1913. bn., p. 727. 

t Bottom Med. and Burg. J ourn., 1920. vol. 182, p. 224. 

% Sooth African Institute for Medical Research, Rep. No. viii., 1916. 

| See Holman, J mirn. Path, and Bader., vol. xix., 1915, p. 478. 



PLATE XIX. 



a. Chicken cholera Film of foul blood 1 -Kmi 



b Diplococcus pneumoniae. Smear of sputum. Oram and co?in. 

X 1000. 
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Both tlie S. pneumoniae and the S, mucosas are usually (95 per 
cent.) dissolved by bile, a feature distinguishing them from the 
strept< >coeci generally. 

Pathogenic Action. — The S. pneumonias is pathogenic for a 
number of animals, the most susceptible being mice, then, in 
decreasing order, rabbits, rats, guinea-pigs and dogs. Pigeons 
and fowls are immune. The virulence of the organism varies 
considerably ; under cultivation it may be completely lost, 
while by a series of passages through a susceptible animal it 
may be much increased. Death follows after subcutaneuiis. 
intravenous, intraperitoneal. or intrathoracie injection of a 



F ig . 43. — Dtploeoccu s* pne union ur Film pi eput at on of Mood of 
inoculated animal. 1000. 

virulent- culture, or of rusty pneumonic sputum, into mice and 
rabbits in twenty-four to forty-eight hours. The disease runs 
the course of a septicaemia with high temperature and dyspnoea, 
death being generally preceded by a subnormal temperature 
and often convulsions. The post-mortem appearances are much 
oedema and inflammatory infiltration at the site of inoculation, 
haemorrhages in the serons membranes, enlargement and con- 
gestion of the spleen, and congestion of the lungs. The organ- 
isms occur in large numbers in the blood, lungs, and spleen, 
usually in the form of oval diplococci with well-marked 
capsules (Fig. 43), but sometimes as short chains of strepto- 
cocci. Cultures injected intratracheallv into monkeys induce 
a typical croupous pneumonia clinically and pathologically 
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identical with that seen in man (Blake and Cecil *). All four 
of the tvpes of pneumococcus react similarly. Virulent cul- 
tures sprayed into the mouth and nostrils of monkeys failed 
to produce pneumonia, although the pneumococcus was 
proved to he present in the saliva of the animals for a month 
after the spraying. The failure to produce pneumonia by 
spraying suggests that some special factors are necessary for 
the invasion of the bronchi and consequent pneumonia, but 
what these are is uncertain. It is of interest that pneumococci 
are not infrequently present in the saliva of normal individuals, 
and the relationship of ££ catching cold 55 to an attack of pneu- 
monia may in some cases be a lowering of vitality of the tissues 
rendering them vulnerable to the attack of the organism 
already in close proximity. 

Pneumococci may be found in the blood of the experimental 
animals in from six to twenty-four hours after intratracheal 
inoculation and frequently before the occurrence of any 
symptoms. Subcutaneous or intravenous inoculation resulted 
in a septicaemia without any evidence of pneumonia or of 
pulmonary localisation. A spontaneous outbreak of pneumonia 
among monkeys was observed (thirty-eight cases), the pneumo- 
coccus present being of Type IV. 

Blake and Cecil consider that croupous pneumonia is 
primarily an interstitial infection of the lung. The pneumo- 
coccus first invades the tissue of the lung at some point in the 
lobe proximal to the hilum, spreads throughout the lobe by 
the perivascular, peribronchial and septal interstitial tissues 
and lymphatics, quickly reaching the pleura, and invades the 
alveolar structure primarily by way of the alveolar walls. 

Pathogenicity. — The S . pneumomce is the cause of acute 
croupous pneumonia in man, whether primary, or secondary 
in the course of other diseases, and occurs in large numbers in 
the rusty sputum and deputised lung, and in 20—30 per cent, 
of the eases can he isolated from the blood if 5-10 c.c. be 
cultured ; these tend to be severe and fatal. In America the 
disease has become more prevalent during the last few years. 
Acute croupous pneumonia sometimes occurs in epidemic 
form and has decimated the native labourers in the mines of 
the Rand and Gold Coast. The serum of the Rand native has 
an opsonising power for the pneumococcus lower than that of 
the serum of the European, j- 

Besides acute croupous pneumonia, more than half the 

* J ourn. Exper. Med., 1920, vol. xxxi., pp. 403 et seq . 

t Wright, Lamcet, 1914, vol. i., pp. 1 et seq. 



THE PNEUMOCOCCUS 


371 


cases of broncho-pneumonia, both primary, and secondary in 
the course of other diseases, are due to the S. pneumonic?, 
which is also associated with a number of other important 
pathological conditions in man. It is a pyogenic organism, 
producing abscesses when inoculated into a relatively insus- 
ceptible animal such as a dog, and is met with in abscesses, 
empyema, suppuration in the antrum, and purulent arthritis. 
It is also found in about half the cases of purulent meningitis, 
sometimes causing a cerebro-spinal meningitis, in about a third 
of the cases of otitis media and infective endocarditis, some- 
times in purulent pericarditis, and occasionally in peritonitis. 
The pneumococcus is also frequent in chronic bronchial and 
other catarrhs of the respiratory tract. An agglutination 
reaction with patient’s serum on the pneumococcus is only 
very irregularly obtained, and normal serum rarely exerts 
any bactericidal effect upon the organism. 

Toxins. — Auld separated a proteose and an organic acid 
from the blood and organs of infected animals, and from 
cultivations of the S . pneumonia? in alkali-albumin the same 
products were apparently obtained, the alkaline medium soon 
becoming permanently acid. The proteose on subcutaneous 
or intravenous injection produced some fever, and on iritra- 
thoracic injection fever and dyspnoea ; post-mortem pleurisy 
and consolidation of the lung were found. The organic acid 
produced slight rise of temperature, but no other symptom. 
Macfadyen obtained an endotoxin by triturating cultures with 
liquid air. 

Dochez and Avery described a “ soluble specific substance 5 ' 
m filtrates of pneumococcus cultures which precipitates 
immune sera of homologous types. Heidelherger and Avery * 
identify this substance as a polysaccharide, which is different 
in the different types. 

Immunity and Anti- serum. — Immunity can be conferred on 
susceptible animals by treating them with minute doses of 
virulent cultures, or wnth larger doses of attenuated cultures. 

Blake and Cecil found that an animal which survived a 
minute subcutaneous dose of virulent culture was afterwards 
immune to an intratracheal inoculation of 100.000 organisms, 
the minimal infecting dose for an untreated animal. Animals 
which had recovered from an attack of experimental pneu- 
monia were refractory to intratracheal inoculation of the same 
culture. An attack of Type I. pneumococcal pneumonia was 

* Journ. JSxper. Med., vol. xl., p SOI. 

24 — a 
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found to confer little protection against Type II. pneumo- 
coccal pneumonia. 

An anti-serum may be prepared by inoculation with 
increasing doses, first of killed cultures of the virulent organism 
followed by doses of the living organism. This anti-serum is 
protective experimentally and may be used in the treatment 
of pneumonia and other acute pneumococcic infections. The 
serum is very specific and the homologous serum for the type 
present must be used. Large doses (100 c.c. or more) are 
necessary and must be given intravenously. 

Vaccine. — A vaccine has been found of service in the treat- 
ment of chronic pneumococcic infections, in catarrhal con- 
ditions in which the pneumococcus is one of the associated 
organisms, and has also been employed in acute croupous 
pneumonia ; the doses range from 20 to 50 millions. In all 
these cases the vaccine should he an autogenous one. Wright 
(loc. tit.) advised a vaccine for prophylactic inoculation against 
pneumonia on the Rand, and Lister (Zoc. cit.) recommends for 
this purpose three inoculations at weekly intervals, each dose 
consisting of 6,000 million cocci of each group against w r hich 
immunity is desired. 

Friedlanper's Pxeumo-racillus. 

This organism, referred to above in the general discussion 
of pneumonia, is one of the capsulated bacilli (p. 237). 

Morphology. — The Bacillus [Bacterium] pneumomce is a very 
pleomorphic organism occurring in sputum or in the blood of 
an inoculated animal generally as a short rod surrounded by a 
marked capsule. It is non -motile, does not form spores, and 
is Gram-negative. In cultivations it forms short and long 
rods, chains, and even filaments, and the capsule is lost, but is 
regained on passage through a susceptible animal. 

Cultural Characters. — The B. pneumonice is aerobic and 
facultatively anaerobic, and may produce indole. It grows 
readily on the various culture media from 20° to 37° C., on 
agar and blood-serum, forming a copious, viscid, greyish 
growth ; on gelatin, a thick, white, shining, porcelain-like 
growth without liquefaction ; and in a stab-culture in gelatin 
a nail-shaped growth develops (Fig. 44), frequently with gas- 
bubbles. On potato a copious whitish growth develops. 
Milk is curdled, and the organism is an active fermenter of 
many carbohydrates with gas formation ; the fermentation 
reactions are given in the table, p. 352. The organism is not 
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well-defined, for forms not fermenting lactose, or fermenting 
lactose with acid production or with acid and gas production, 
have all been regarded as B. pneumonias . 

Pathogenic Action. — The pneumo-bacillus is pathogenic to 
mice and guinea-pigs, but rabbits are immune. Post-mortem, 
the spleen is enlarged, the lungs are congested and consolidated 
in patches, and the organism is found in large numbers in the 
blood. In a small percentage of cases of croupous pneumonia 
Friedlander’s bacillus may be 
associated with the S . pneu- 
monias . Friedlander’s bacillus 
may sometimes induce a primary 
broncho-pneumonia, as in a series 
of 411 cases recorded by Zander.* 

The onset in these cases was not 
sudden, as is the rule in croupous 
pneumonia, but was preceded by 
a prodromal stage of malaise, 
lasting one to two days. It also 
causes bronchitis and bronchial 
and other catarrhs of the re- 
spiratory tract, and is occasion- 
ally associated with anginal con- 
ditions, which are characterised 
by the formation of a false mem- 
brane, with an absence of general 
symptoms. A microscopical ex- 
amination of the membrane will 
show the organisms surrounded 
with a capsule and Gram-nega- 
tive. If a culture be made on 
serum, the large, round, greyish 
colonies of the bacillus wall be 
recognisable in fifteen to twenty hours, and should be con- 
firmed microscopically. To obtain a pure culture a white 
mouse may be inoculated from a colony , it will die in twenty- 
eight to sixty hours. Friedlander’s pneumo-bacillus has also 
been met with in water by Grimbert. According to him. it is 
identical with the B. capsulatus of Mori. 

Streptococcal Pnbum< ixi \s. 

Streptococcal broncho -pneumonia is occasionally primary, but 
is commonly secondary to measles, influenza, whooping-cough. 



Fig. 44. — F ried lander -s 
pneunio - bacillus Gelatin 
stab - culture, seven da. vs 
old 


* Deutsche rued, Wochenschr ., 1919, Bd. 45, p. 1180. 
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and other exanthemata. The streptococcus is usually of the 
haemolytic type, and is present in the lungs and sputum, but can 
rarely be obtained from the blood except in primary septicemic 
cases. In combined pneumococcic and streptococcic cases the 
pneumococcus may be obtained from the blood, but not the 
streptococcus. Streptococci are the common cause of the so- 
called deglutition pneumonia and of the broncho-pneumonia 
following operations about the mouth and throat. 

Staphylococcal Pneumonia. 

This is a rare form of broncho -pneumonia, only thirteen out of 
800 eases of pneumonia treated at the Rockefeller Hospital, 1913- 
18, being of this type. The onset is insidious and rarely accom- 
panied with chill and localised pain. The sputum, which is very 
purulent and like anchovy sauce in colour, contains large numbers 
of J/. pyogenes, var. aureus . Blood cultures are also positive in 
half the cases. The disease is very fatal, only two recovering out 
of 155 cases.* 

Clinical Examination (Pneumonic Conditions). 

(1) In acute croupous pneumonia , the sputum is viscid and 
typically *’ rusty " m appearance, but frequently lacks this 
character. In smears stained by Gram’s method, the pneumo- 
cocci will probably be abundant in the early stages, and other 
organisms comparatively scanty. The former appear for the most 
part as encapsuled diplococci which are Gram-positive. 

(2) In ht oncho-pneumonias a variety of organisms may be met 
with — pneumococci, streptococci, staphylococci, B. pneumonias , 
It. influenzae* 3/. cata rrhahs. In certain diseases the causative 
organism of the disease may be present, e.g., the typhoid bacillus, 
plague bacillus, diphtheria bacillus, etc. Haemorrhagic sputum 
may occur in streptococcal and plague pneumonias. In the latter, 
numbers of short, bi -polar staining, Gram-negative bacilli will be 
found in smears. The sputum of staphylococcal pneumonia is 
very purulent at an early stage, resembling anchovy sauce, and 
abundance of Gram -positive cocci are present in smears, and may 
be isolated by inoculating on to agar tubes or plates. 

(3) In order to isolate the pneumococcus, streptococcus, B. 
influenza and M. eatan halts from sputum, pus, etc., blood-agar 
tubes or plates, or plates of Fleming’s medium (p. 379), or nasgar 
may be inoculated. 

(4) The pneumococcus may be isolated by injecting 1 c.c. of 


* Chickermg and Park, Jmtrn. Amer. Med . Assoc., 1919, vol Ixxii., 

p. €17. 



TYPING THE PNEUMOCOCCUS 375 

washed, and diluted sputum, or a drop or two of pus, into the 
peritoneal cavity of a mouse. The animal will probably die within 
twenty hours, and cultures may be obtained from the peritoneal 
fluid or blood. 

(5) A rapid means of isolating tlie pneumococcus in cases of 
pneumonia is by lung-puncture. The pneumonic area is explored 
with a 10 c.c. sterile syringe with medium -sized needle, which is 
thrust about 2 m. into the lnng. The syringe should contain 
0*5 c.c. of sterile saline. Steady suction is applied and 2 or 3 drap- 
er more of blood-stained fluid can usually be withdrawn. < hilt lire ^ 
are immediately made on blood-agar or nasgar plates. A mou-e 
may also be inoculated mtraperitoneally. 

(fl) In order to type ” the pneumococcus (important for M*ruui 
treatment) a mouse is inoculated mtraperitoneally with sputum 
or lung juice. The dead mouse is opened aseptically and every 
trace of peritoneal fluid is aspirated into a fine sterile pipette. 
The contents of the pipette are introduced into a small tube con- 
taining 0*5 c c. of sterile saline and centrifuged at low >peed ior 
two minutes to deposit cells. The supernatant cloudy fluid 
then pipetted into another tube and centrifuged at high -p**cd ior 
fifteen minutes. The clear sujiernatant fluid is pipetted oft* and 
the deposited pneumococci are diluted with saline so that the 
suspension has a density of about 1,000 million organisin'- per 
cubic centimetre. This emulsion is then agglutinated with the 
type sera The dilutions may be . — - 

5 drops 1 m 10 Type I. serum -j-5 drops emulsion Final dilution, 1 m 20 

5 drops undiluted Type II. serum + 5 drops emu hum. Final dilution. 1 m 2 

5 drops 1 m 10 Type II. serum-f- 5 drops emulsion Final dilution. 1 

5 drops 1 in 5 Type III serum-f- 5 drops emulsion Final dilution. 1 m In 

The dilutions are made with a capillary pipette in Jdieyei - 
tubes, which are incubated in a water-bath at 37" C. lor two 
hours, are left on the table for a further fifteen minutes, anti then 
read. 

(7) Friedlander’s pneumo-bacillus may be isolated by making 
cultures on serum tubes or plates. Large round grey colonies 
develop. 

Epidemic Influenza. 

The presence of a minute bacillus was first described in this 
disease by Pfeiffer in 1892, who found it in large numbers in 
the bronchial secretion. Since then it lias been found in various 
catarrhal conditions of the respiratory tract. In order to 
isolate the organism the bronchial expectoration or other 
secretion should be sown on to a plate of one of Fleming's 
media (p. 379). 
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Morphology. — The influenza bacillus (B. [Hemophilus] 
influenza?) measures 05-1-5 yu in length, and is non-motile and 
non-sparing. It does not stain by Gram’s method, and not 
very readily with the ordinary dyes, dilute carbol-fuchsin 
yielding the best results, the poles tending to stain more 
deeply than the centre. In the sputum it occurs singly, m 
short chains, m small groups, or in larger masses (Plate XX.. 6). 
In culture, it forms short and long rods and short filaments. 

Cultural Characters. — B. influenza is aerobic, but will also 
develop anaerobically (Fildes), and no growth occurs on media 
at 22 c C. On glvcerin-agar and blood-serum at 37° C. it forms 
very small, discrete, transparent, drop-like colonies in from 
twenty-four to forty-eight hours. There is no growth on 
potato. The organism grows best on media containing blood, 
such as agar smeared with sterile rabbit’s, or, better, pigeon’s 
blood, or on Fleming’s boiled blood -agar. Unaltered human 
blood is actually inhibitory. In broth it grows at the surface 
in fine white flakes which subsequently sink. 

B influenza usually soon dies out in cultivation, but 
Fleming finds that it remains alive for six weeks or more in 
the minced meat broth used for growing anaerobes. Pre- 
parations from cultures show long twisted chains and threads 
of bacilli, aggregated so as to form dense networks and con- 
volutions. Involution forms occur. It is stated to grow better 
in association with the M. pyogenes var. aureus than alone. 
The organism does not seem to be able to live outside the body 
for any length of time, and is readily destroyed by desiccation, 
weak antiseptics, and by a temperature of 60° C. acting for 
five minutes. 

Pathogenic Action. — According to Pfeiffer the bacillus is 
pathogenic to monkeys and rabbits. Klein, however, was 
unable to obtain any definite effects in these animals by the 
injection either of sputum rich in bacilli or of pure cultures. 
In general, suspensions of the bacillus from solid cultures have 
little effect on laboratory animals ; introduced into the peri- 
toneal cavity, a certain amount of inflammation results fol- 
lowed generally by recovery. Many strains in liquid culture 
produce, however, a marked peritonitis, and Blake and Cecil, 
by means of liquid cultures passed first through a series of 
mice and afterwards through monkeys and then applied to the 
naso-pharvnx of monkeys, induced fever and croyza, and 
inoculated intratracheally produced bronchitis and broncho- 
pneumonia with extensive haemorrhages. 

The toxicity of liquid cultures appears to be due to the 
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presence of traces of an extra-cellular toxin. The blood- 
serum of patients may agglutinate the bacillus, but the pheno- 
menon is inconstant and variable. 

^Etiology of Epidemic Influenza. — With the discovery of 
the B. influenzce in the epidemic of the 'nineties, the causal 
relationship of the organism to the disease was considered to 
be established until the epidemic of 1918-19. A number of 
workers then announced that they had been unable to find the 
B. influenzce in a considerable proportion of typical eases, 
while haemolytic streptococci, pneumococci and < f ram-negative 
cocci were fairly constantly found, particularly in the severe 
pneumonia which characterised the later stages of this epidemic. 
Doubt now began to be cast upon the causal relationship of 
B. influenzce to epidemic influenza, and some observers 
attempted to show that the disease is due to an invisible 
virus, e.g.. Nicolle and Lebailly * ; Gibson, Bowman and 
Connor. The work done in this direction is, however, incon- 
clusive, and some of it is not free from error. 

What renders the matter more perplexing is the difficulty 
of transmitting the disease experimentally to man. Ro.-enau. 
for instance, sprayed the noses and throats of ten volunteer,- 
with the mixed nasal and throat washings from patients, 
inoculated another ten men with 10 c c. of blood from patients, 
and caused ten other men to inhale deeply the breath and 
coughings of ten patients. None of these thirty volunteers 
developed any illness. 

Some fresh light was thrown on the failure to find the B. 
influenzce in the earlier stages of the 1918-19 epidemic when it 
was appreciated that media containing unaltered blood 
particularly human, are actually inhibitory to the growth of 
the organism, and afterwards by adopting culture media con- 
taining boiled or otherwise treated blood (e.g, Fleming's). 
B. influenzce was recovered in from 65 to 90 per cent, of cases 
thus investigated. When the cases are complicated with 
pneumonia, the presence of the other bacteria tends to dilute, 
or even to cause disappearance of. the B. influenzce. 

Olitsky and Gates J in 1921 cultivated anaerobically by 
Noguchi’s method from filtered naso-pharvngeal washings of 
patients during the first, thirty-six hours of attack, a minute 
ovoid organism, 0*15-0*3 p in length The organism. Bade 1 1 am 
jmemnosintes , does not attack carbohydrates and will pass 

* Ann . de Vlnst. Pasteur , xxxm , 1910. p. 395. 

f Spec. Pep. Series, No. 36, Med. Research Committee. 

X Journ. of Exper. Med., 1921, vol. xxxili., p. 713. 
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through a coarse filter. Inoculated in quantity into rabbits 
intratracheally, it induces oedema, haemorrhages and cellular 
exudate. Gordon also observed minute organisms in influenza.* 
The causal agent of epidemic influenza still remains, therefore, 
uncertain, though a reasonable case seems to have been made 
out for the setiological relationship of B. infiuenzce 

While the B. infiuenzce itself seems to be capable of pro- 
ducing a broncho-pneumonia, the pneumonic complications 
of the 1918-19 epidemic were largely due to infections with 
pneumococci and haemolytic streptococci. 

Remarkable differences in the disease occur in epidemics of 
influenza. Thus, in the epidemic of the ’nineties, fatality was 
conspicuous in those past forty-five years of age and haemor- 
rhages were absent ; in June and July, 1918, the disease was 
mild and soon recovered from, but at the end of 1918 and in 
the spring of 1919 the disease assumed a severe type, the 
fatality falling upon young adults, and haemorrhages were 
frequent. These differences raise a suspicion that so-called 
epidemic influenza is more than one disease, but, on the other 
hand, they may be due to differences of virulence or of 
race ( cf . the streptococci) of the B. infiuenzce and to varia- 
tions in the occurrence and nature of the secondary infecting 
agents. 

Apart from epidemic influenza, the B . infiuenzce occurs m 
sinusitis, nasal and post-pharyngeal catarrh, bronchial catarrh 
and bronchitis, tracheitis and broncho-pneumonia, whether 
these be primary or complicating measles and whooping cough. 
It is also stated to be a rare cause of meningitis. 

Various strains of the B. infiuenzce exist, for the serum of an 
animal inoculated with one culture while agglutinating this 
strain actively may be without action on many other cultures. 
An individual may harbour several strains. 

A vaccine prepared with killed culture is frequently useful 
in the treatment and prevention of catarrh of the respiratory 
tract, either alone or in combination with M . catarrhahs , B . 
coryzce , streptococcus, pneumococcus, etc., according to the 
organisms found to be present in the secretion or expectoration. 

Attempts have been made to immunise against influenza 
and its complications by the use of a mixed vaccine con- 
taining B. infiuenzce . streptococci and pneumococci. The 
results obtained are statistically not encouraging as regards 

* Brit. Med. Journ.^ 1922, vol. ii., p. 289. 

t See a critical review on the subject by Fildes and McIntosh, Brit. Jour a. 
Beeper. Pathol. 9 vol. I., 1920, pp. 119 and 159. 



INFLUENZA 


379 


protective power against attack, though, the fatality among 
those vaccinated seems to be reduced. 

Slight febrile attacks, with or without respiratory catarrh, are 
frequently called “ influenza,” hut should be distinguished from 
'* epidemic influenza.” In the *“ influenza cold " many organisms 
may he present, e.g., M. catai rludis, B. coryzce , pneumococcus, B. 
influenzce, etc. 

.So-called influenza meningitis ” may he due to organisms 
resembling, but not identical with, the B. influenza* {see '* Menin- 
gitis,” Chapter XXI.) 

The influenzas of animals are probably distinct from human 
influenza, though some have assumed a relationship between the 
two. 

Clinical Examination. 

In eases of influenza, accompanied with bronchitis or pneu- 
monia, the influenza bacillus may occur in large numbers m the 
sputum. It may also be met with in the secretion in catarrhal 
conditions of the respiratory tract. Film preparations may he 
stained with dilute earbol-fuchsm. 

Fleming* has devised some simple and excellent media for t he 
growth of B. i n fluenza? — 

(1) Add 0*25 c.c. sterile blood to 5 e.c. melted agar, and boil m 
a water-bath for one minute The medium may then be sloped 
or poured into a plate. 

(2) Mix 1 volume of blood, 5 volumes of watei, and 1 volume 
of normal sulphuric acid, and boil. This may then be stored , 
there is no need to use sterile blood. For use, 1 volume of normal 
caustic soda is added ; the mixture should now he tamtly alkaline 
The fluid portion which separates from the precipitate i& then 
added to melted agar in the proportion of 1 c.c. of fluid to 5 c.c. of 
agar. 

(3) These media grow not only the B. mflnenzie , but also the 
pneumococcus and streptococcus very well. If to them brilliant 
green be added in the proportion of 1 m 500,000, streptococci and 
pneumococci are inhibited, but the B. influenzae grows freely. 

Who opin go cough (Petit uss is). j 

An influenza-like bacillus has been isolated by Koplik, Czaplew- 
ski and Hensel, Davis and others in this disease, but the researches 
of Bordet and Gengou have shown that it is distinct from the 
influenza bacillus. 

The B. [Hemophilus^ pertussis is a minute bacillus, very like the 

* Lancet, 1919, vol. i., p. 138. 

f See Bordet, Brit. Med. Journ 1909, vol. n., p. 1002. 
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1L influenza * . nou-motile, non-coring, and Gram -negative. It is 
scanty m the bulk of the expectoration, but is abundant in the 
viscid exudate, rich m leucocytes, coming from the depth of the 
bronchi, and voided at the end of a paroxysm of coughing. 

It is hot isolated on a medium consisting of defibrmated blood 
diu man or rabbit), thoroughly mixed with an equal volume of 

3 per cent, agar containing a little extract of potato made with 

4 per cent, aqueous glycerin. It forms on this a fairly thick 
whitish streak, the subjacent blood being hmmolysed. It may 
also be grown in serum or blood broth in shallow layers. After 
acclimatisation to artificial media it will develop on the ordinary 
laboratory media. 

The B. pertussis is agglutinated feebly by the blood of patients, 
but complement -fixation is marked. 

Monkeys are stated to develop a typical wbooping-cough on 
inoculation, but the ordinary laboratory animals are susceptible 
only to massive intraperitoneal or intravenous inoculation, death 
ensuing from a septicsemic process. 

Freeman has treated the disease with a vaccine. Doses of 
5-20 millions -were used, and about 68 per cent, of the cases 
improved. 

Southby * has employed a mixed vaccine containing in each 
cubic centimetre 1,000 million B . pertussis , 500 million pneumo- 
cocci, and 250 million J L catarrhalis. Four injections were given 
in a period of two weeks of 0*5 e.c., 1*0 c.c., 1*5 c.c., and 2 c.c. 
respectively. While the paroxysms seemed to be diminished m 
frequency and sevei ity, the vaccine treatment did not appear to 
have any effect in shortening the disease. 

Bloom f has also used a mixed vaccine for prophylaxis and 
treatment. It consists of 5,000 million B . pertussis and 3,500 
million I?, influenzae per cubic centimetre, and should be used 
within ten days of preparation. For prophylaxis, 1 c.c. is given 
on alternate days for three doses, and afterwards 1 c.c. every 
other year. For treatment, 1 c.c. is given on alternate days for 
four to six doses. If a dose produces marked reaction, the 
following dose is reduced to § c.c. A large proportion of cases 
was cured within twenty days. 

* Med. Joum . of Australia, July 4, 1925, p. 11. 
f Arch, of Pediatrics, August, 1925, p. 485. 



CHAPTER XIII. 

ANAEROBIC ORGANISMS. 

TETANUS— THE ANAEROBES OF WOUNDS— GAS GANGRENE— 
B. BOTULINUS— BLACK QUARTER— ANAEROBIC BUTYRIC 
ACID ORGANISMS. 

Anaerobic organisms vary m their tolerance to free oxygen 
from facultative anaerobes to strict anaerobes. Some have 
supposed that even the strict anaerobes require for intensive 
growth a very small trace of oxygen. Some of the strict anaerobes 
in some circumstances ( e.g ., in sulphindigotate broth) seem to be 
able to develop more or less aerobically, and may also be “ edu- 
cated ” to grow aerobically. An anaerobe, e.g., B. peifnngen s. 
which will not grow in glucose broth under aerobic conditions, 
may do so if a piece of potato be added to the medium (Wright). 
It is probable that the organism locates itself in nooks and crannies 
in the potato, where it finds approximately anaerobic conditions 
and so is able to develop. 

The anaerobic organisms assumed considerable importance 
during the War, owing to the occurrence of several species in 
septic wounds, particularly lacerated wounds and compound 
fractures caused by shrapnel, etc., wheie they induce serious con- 
ditions — tetanus, gas gangrene, septic infection and the like. 

Anaerobic organisms are common m soil, m decomposing 
organic matter and in the intestine of man and animals, and it is 
chiefly from the soil, particularly if highly cultivated and manured, 
that wounds derive their infection. The anaerobes seem to play 
a considerable part m Nature in the breaking down of organic 
matter, and are regarded as the principal agents in liquefying the 
solid material of the sewage in the septic tank of a bacterial 
system of sewage purification. 

The chemical reactions which take place during the growth of 
anaerobes are manifold and may broadly be divided into attack 
on carbohydrates and decomposition of proteins. In the fer- 
mentation of carbohydrates acetone, alcohols, particularly butyl 
alcohol, and volatile fatty acids, particularly butyric acid, are 
formed. Non-volatile fatty acids, particularly lactic acid, may 
also be formed in quantity. Practically all the anaerobes exert 
a certain amount of tryptic action and break down proteins to 
amino acids and ammonia, though the amount of this digestion 
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by some anaerobes may be slight and inappreciable. Proteoses 
and peptones may also be formed together with sulphuretted 
hydrogen and mereaptans. Parboil dioxide is frequently pro- 
duced in quantity, but is derived from a carboxyl group by simple 
elimination after breaking down of a carbon chain, and not by 
combustion of the carbon atom as is the case with aerobes. 

It is a common feature of the pathogenic anaerobes that when 
the washed organisms, free from admixture with other substances, 
are injected into a susceptible animal, no pathogenic effect follows, 
except, perhaps, some local oedema and necrosis which may result 
in an abscess. On the other hand, unwashed organisms contain- 
ing traces of adherent toxin produce infection. Other substances 
also have a similar effect, notably ionizable calcium salts, such as 
calcium chloride, and colloids, such as silicic acid and gelatin. It 
is probable that in naturally occurring anaerobic infections of 
dirty wounds, the soluble calcium salts of the soil contaminating 
the wound may be of paramount importance in the genesis of the 
infection, for it is improbable that the organisms or their spores in 
the soil have a sufficiency of adherent toxin to induce infection. 

The study of anaerobic organisms is beset with pitfalls and 
difficulties — their cultural characters are ill-defined, and less 
distinctive than those of many other organisms, their staining 
reactions are liable to vary according as they are under natural 
or artificial conditions of growth, the pathogenicity of different 
strains of the same organism varies enormously, the same organism 
has sometimes been described under a number of synonyms, and 
lastly extreme difficulty may be experienced in obtaining pure 
cultivations. Thus cultures which for months appear to be pure 
ones, and continuously give the same appearances and reactions, 
may ultimately be found to consist of two distinct species. 

Ordinary media may be employed for the culture of many 
anaerobes, glucose agar is particularly useful, and blood-broth, 
inspissated serum, Dorset's egg medium, and meat broth are 
valuable for the cultivation of pathogenic anaerobes. Meat broth 
is prepared as follows : — 

Eight ounces of bullock s heart are minced and then pounded 
nt a mortar ^ add eight ounces of hot tap - water, b rin g slowly to 
the boil and boil for one hour to cook the meat. Add normal 
sodium hydrate solution sufficient to render alkaline to litmus, 
fill into tubes without filtration and autoclave to sterilise. The 
tubes should be boiled in a water-bath for half an hour immediately 
before use, and after cooling and inoculation, the cultures may be 
grown anaerobically by one of the methods already given. An 
alternative is to cover the meat broth with a layer of sterile liquid 
paraffin, added after autoclaving. 

Literature on the Anaerobes of Wounds. Medical 
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Research. Committee, Special Rep. Series , No. 12, 1917 (McIntosh), 
*' Classification and Study of Anaerobic Bacteria of War Wounds 
ibid.. No. 39, 1919 (Rep. of Committee on Anaerobic Bacteria and 
Infections) ; Weinberg and Seguin, La Gangrene Gaze use (Masson 
A Cie., 1918) ; Muriel Robertson, Journ . Pathol, and Baeteriol . , 
vol. xx., 1916, p. 327 ; K. Taylor, ibid., p- 384 ; Wolf and Wolf and 
Harris, Journ. Pathol, and Baeteriol ., vol. xxi., et seq. , Henry, ibid., 
vol. xxi., p. 344. 

Tetanus. 

It bad long been noticed tbat wounds soiled with earth were 
specially prone to be complicated by tetanus, and Sternberg in 
1880, and Nicolaier in 1884, produced tetanus in rabbits by intro- 
ducing a little garden earth beneath the skill. The latter observer 
found at the site of inoculation and in his impure cultures — for he 
was unable to obtain pure ones — a distinctive bacillus, and he was 
able wrth these cultures, and with the pus from the site of inocu- 
lation, to induce tetanus m other animals. Carle ami Rattone 
afterwards showed that the bacillus of Nicolaier was present in 
the wound in cases of traumatic tetanus in man. The bacillus 
was isolated m pure culture by Kitasato m 1889. 

Bacillus [Clostridium] tetanjl* 

Morphology. — The Bacillus tetani is a straight, Mender rod, 
but under cultivation filaments of 20-30 /x m length may 
develop. It is motile and possesses a number of flagella, three 
or four of which are generally thicker than the rest. It stains 
with the ordinary amlin dyes, and also by Gram A method. 
Spores are freely formed, as a rule, and are completely terminal . 
they start as a slight oval enlargement at one end of the rod, 
but finally become spherical and expand, forming the typical 
“ drum-stick ?? (Plate XXI , a). They rarely become free, a 
short poorly-staining rod remaining attached. Drum- 
stick ” bacilli are not necessarily B. tetani, as other terminal- 
spored anaerobes occur (see p. 389, and Plate XXII., h). 

Isolation. — Pildes' method is the best. .An enriching culture 
should first be made. About 2 grm. of the material, soil or 
faeces, or still more if possible of the discharge or tissue front 
wounds, are placed in a freshly -boiled blood-broth tube 
(nutrient broth with per cent, ox-blood laked with an equal 
quantity of distilled water) and incubated aerobically for two 
to four days. Two drops of this culture are then added to the 
condensation water of a sloped peptic or laked blood-agar tube 

* See Fildes, Brit, Journ . Exper. Pathol vol. vi., 1925. pp. 62, 91 (Refs.). 
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(the agar tube should have been kept warm until the top of 
the agar begins to drv). The tube is incubated anaerobically 
for twenty -four to forty- eight hours and then examined. 
Obvious growth will have developed and spread up the surface 
of the agar slope. Above the obvious growth, an exceedingly 
delicate structureless film will sometimes be found on examina- 
tion with a hand-lens, and at the upper spreading edge of this 
a tangle of extremely fine filaments may be seen spreading 
upwards, and this may prove to consist of tetanus bacilli in 
pure culture. A second tube is then inoculated in the con- 
densation water from this filamentous edge and incnbated 
anaerobically for fifteen to twenty hours. This second tube 
will usually "develop a pure structureless film with filamentous 
edge, but if not pure a further subculture from the edge to the 
condensation water of another tube will nearly always succeed. 
The only organism which seems to resist this mode of elimina- 
tion is B. proteus , but this may be killed off by heating to 65° C 1 . 
Occasionally late-sporing tetanus bacilli are met with which 
do not develop the filmy growth until after several days' 
incubation. These filmy growths with filamentous outgrowths 
are practically diagnostic of tetanus. 

Cultural Characters. — Growth is poor unless laked blood is 
added to the medium. Surface colonies on agar are small 
(1 mm.) and filmy with finger-like projections. Deep colonies 
in agar are larger (2-3 mm,), have a small central nucleus from 
which delicate filamentous outgrowths radiate. Broth becomes 
generally turbid after two to three days. Agar shake cultures, 
heavily inoculated, Incubated in air, develop a diffuse opacity ; 
with a 2 per cent, agar a bubble or two of gas may appear. 
Gelatin shake cultures develop a diffuse opacity, with some 
liquefaction in three to four days, or with some strains in three 
to four weeks. In milk the growth is poor without obvious 
change. In the laked-blood media a certain amount of darken- 
ing occurs. Meat broth shows no change or becomes pinkish, 
and the meat fragments are softened. Coagulated serum 
is almost unaltered. None of the alcohols, carbohydrates or 
glucosides is fermented. The odour of cultures is charac- 
teristic ; It is not putrefactive, but is more like that of stable 
manure. The spores retain their vitality for years in the dry 
state. 

Agglutinins. — The Injection of washed and heated organisms 
intravenously into rabbits Is followed by the development of 
agglutinins specific for the tetanus bacillus. 

By means of the agglutination test, strains of the tetanus 
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bacillus were divided by Tulloch* into four serological groups, 
known as Types I., II. , III., and IV. 

Type I. is the standard U.8.A. bacillus, and is the organism 
uliich appears to have been usually employed in laboratories 
in JEurope prior to 1911 for the preparation of tetanus anti- 
toxin. 

Of 100 strains of JB. ietaul obtained from cases of tetanus 
studied by Tullocb, Type I. bacillus was obtained in forty-one 
instances, the mortality being 13 per cent. ; Type II. bacillus 
in twenty-two, mortality 27 per cent. ; Type III. bacillus in 
thirty-three, mortality 35 per cent., and Type IV. bacillus in 
four, mortality nil. All these cases had received a prophylactic 
dose of antitoxin. Of twenty-five strains of B. tefani isolated 
from wounds the subjects of which showed no signs of tetanus, 
76 per cent, were of Type I. Since this work was completed a 
fifth strain (Type V.) has been isolated by Tullocb and others. 

These differences of serological type are not correlated with 
any differences in the nature of the toxin, and an antitoxin 
prepared with the toxin of one type is ecpially protective 
against the toxins of other types. 

Toxins. — Cultivated anaerobically in broth, the tetanus 
bacillus forms a most potent extra-cellular toxin. that if 
the culture be filtered through a porcelain filter. 0*001 c.e., 
0*0001 c.c., or even 0*00001 c.c. of the filtrate is a fatal do.-e for 
a guinea-pig. 

Tetanus toxin broth contains a tetanismg substance, termed 
tetano-spasmin, and also a hemolysin, tetano-lysm. The 
toxin has a special affinity for nerve-tissue (see p. ill). 

By treatment with carbon disulphide, tetanus toxin broth 
becomes practically non-toxic, though it still retains some 
power of immunising on inoculation and of combining: with 
antitoxin — that is to say, bodies are formed analogous to the 
toxoids of diphtheria toxin. 

Brieger, from impure cultures of the tetanus bacillus, 
obtained two basic bodies which he termed ** tetanme ”” and 

t eta no - 1 oxin , ' ? the former producing tetanic symptoms in 
mice, and the latter tremor, paralysis and finally convulsions. 
Brieger also isolated tetanine from the amputated limb of a 
tetanic patient. Brieger and Frankel obtained a t ox-albumin 
from bouillon cultures which induced tetanus in guinea-pigs. 
Brieger and Cohn subsequently investigated the tetanus poison 
obtained by precipitating veal-broth cultures with ammonium 

* Journ . of Hygiene, vol. xvui., 1919, p. 103. 
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sulphate added to saturation, and purifying by re-dissolving, 
precipitating the protein with basic lead acetate, and removing 
other soluble impurities by dialysis. The purified product 
forms yellow flakes, soluble in water, but not giving the Millon 
and xanthoproteic reactions. It is not precipitated by most 
metallic salts, and is not carried down by Roux and Yer sin's 
method of precipitation with calcium phosphate. It contains 
no phosphorus and only traces of sulphur. Of the most active 
preparation 0-00000005 grm. killed a mouse. 

In a case of tetanus examined by Sidney Martin, an albu- 
mose, chieflv dent ero - alb urnose , was extracted from the blood. 
Injected into an animal it produced depression of temperature, 
followed by progressive wasting, but no spasm or paralysis. 

The toxin is destroyed by heat- 
ing to 80° C. for half an hour. 

Pathogenic Action. — Bacilli and 
spores deprived of their toxin by 
washing are non-pathogenic, but 
become pathogenic if at the same 
time some agent is injected, such 
as toxin, dilute acetic acid and 
particularly lonisable calcium 
salts. Yon-pathogenic strains of 
the organism also exist. The 
virulence of B. tetam varies 
directly with its capacity to 
produce toxin ( cf . B . diphthence, 
p. 249). 

A seven to twenty-one-days 5 -old broth culture of B . tetam 
in doses of 1 c.c. injected into the thigh of guinea-pigs and 
rabbits generally kills the animals within twenty-four to forty- 
eight hours with general tetanus. In these animals a generalised 
tonic muscular spasm occurs, and not the convulsive attacks 
seen in the natural disease in man. A small dose of culture or 
toxin may cause a local tetanus with tonic spasm of the muscles 
about the site of inoculation (Fig. 45), analogous to the local 
tetanus which occasionally occurs in man. 

After death following inoculation, the B . tetani may be 
isolated from the site of inoculation (but can rarely he found 
there microscopically) and sometimes from the liver and spleen, 
but never from the heart-blood. 

The mouse is very susceptible to the toxin, but birds and 
cold-blooded animals are immune. 

Man and the horse are most subject to natural tetanus ; 



Fig 45 — Guinea-pig in- 
oculated with a small 
dose of tetanus toxin, 
showing paralytic con- 
dition of right hind leg 
due to spasm. 
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cattle and sheep are rarely affected. The disease in man usually 
follows the infliction of a wound, particularly if this is lacerated 
and contused and soiled with earth ; this constitutes the form 
known as traumatic tetanus. 15 The first symptom noticed is 
usually stiffness about the neck, quickly followed by spasm 
of the muscles of the jaw with more or less inability to open 
the mouth, hence the name lock-jaw ” popularly given to the 
disease. This is followed by wide-spread cramps and spasms 
of the muscles. Local tetanus, or spasm of a group of muscles, 
occasionally occurs in man, particularly in the wounded who 
have received a single prophylactic dose of antitoxin. Tetanus 
spores may occur in the soil in some districts, and they are 
frequently present in the dejecta of cattle, horses and other 
animals, and occasionally of man — in a large proportion (34 
per cent.) among Chinese.* Infection of the soil with tetanus 
spores is prone to occur in the surface layer of highly cultivated 
and manured ground, and tetanus was relatively frequent 
during the War in the intensively cultivated districts of 
France and Belgium. The Solomon Islanders used to tip their 
arrows with mud containing spores, and wounds inflicted 
therewith were frequently accompanied by tetanus. 

The wound serves as a local manufactory of the toxin, and 
the tetanic symptoms result from the absorption of the toxin 
and its fixation by the central nervous system. The researches 
of Hansom and Meyer showed that the toxin travels mainly 
by the motor nerve trunks (see p. 142), and not by the blood 
vessels and lymphatics. 

The organisms associated with the tetanus bacillus in the 
wound probably play an important /die m the production of 
tetanus by causing tissue damage and inhibition of phago- 
cytosis, so that the tetanus bacillus is able to grow and multiply 
and form its toxin. 

So-called cc idiopathic 55 or rheu m atic 55 tetanus also occurs 
in -which there is no obvious wound. This may be due to 
infection of some slight wound which has practically healed. 
Hamilton suggested that tetanus spores wandering from the 
intestinal tract might be the cause of this form of tetanus, and 
Semple f found that in guinea-pigs injected with washed 
spores, the tissue at the site of inoculation, examined five to 
seven months later, still contained the living spores. Semple 
suggested that such latent spores may in some instances be 
disturbed and become active by trauma or some other factor, 

* Tenbroeck and Bauer, Joum. of Exper. Med., 1922, vol. xxxvi., p. 261. 

f Be. Mem. Gov. of India, No. 43, 1911. 
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and produce idiopathic tetanus. The intra-muscular injection 
of quinine may act in the same way, and may account for the 
relative frequence of tetanus after this form of medication. 

Antitoxin. — If an animal is cautiously injected with tetanus 
toxin, commencing the treatment with a weakened toxin, and 
increasing the dose very gradually, a high degree of immunity 
is ultimately obtained, and the blood-serum acquires marked 
antitoxic properties. 

The antitoxin may be standardised by the Eoux or by the 
Behring method (see p. 253), but methods analogous to those 
used for standardising diphtheria antitoxin are now employed, 
and the strength of the antitoxic serum is usually described in 
American units. 

The American immunity unit is defined as being ten times 
the least quantity of anti-tetanic serum necessary to save the 
life of a 350-grm. guinea -pig for ninety-six hours against the 
official test dose of a standard toxin furnished by the Hygienic 
Laboratory, Public Health and Marine Hospital Service, U.S A. 
The test close of the American standard toxin (which is a dry 
powder) is 0*0006 grm., and it contains 100 minimal lethal 
doses for guinea-pigs of 350 grm. weight. This is, therefore, 
the L -f- dose of toxin, analogous to the L + dose of diphtheria 
toxin used for standardising diphtheria antitoxin (but note 
that whereas the unit of diphtheria antitoxin corresponds 
approximately to 100 lethal doses of diphtheria toxin, the 
unit of tetanus antitoxin corresponds to 1,000 lethal doses of 
tetanus toxin). 

Tetanus antitoxin for treatment should contain not less 
than 150 U.S. A. units per cubic centimetre. 

The antitoxic treatment of declared tetanus has not proved 
so successful as that of diphtheria. Two reasons may explain 
this difference : firstly, tetanus toxin is much more potent 
than diphtheria toxin, and secondly, tetanus is recognised only 
when grave injury to the central nervous system has already 
occurred. In fact, tetanus at the earliest stage that can be 
recognised corresponds with diphtheria at a late stage. There 
can be no question, however, that antitoxin should always be 
administered in a case of tetanus. In mild cases, 10.000 U.SA. 
units may be given intra-muscularly, followed at three-day 
Intervals by two doses of 5,000 units. In severe cases intra- 
thecal administration should be practised — 15,000—20,000 
units, which may be repeated if no Improvement is manifest 
after the first dose ; Intravenous and intra-muscular doses 
may also he given, and the latter should be continued so long 
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as any symptoms persist. There is little doubt of the superiority 
of intrathecal administration over all other methods. Intra- 
cerebral administration was practised in the past, but the 
intrathecal route is safer, easier, and as efficient. 

The chief value of tetanus antitoxin is. however, as a pro- 
phylactic. In the War, the wounded did not receive injections 
of antitoxin until the middle of October, 1914. In September 
of that year the incidence of tetanus among the wounded was 
9 per 1,000, in November it fell to 2*3 per 1,000. and up to 
November, 1918, in only two months was this figure exceeded 
(2*4 and 2*7 respectively) ; generally the incidence per 1.000 
was not more than 1*7, and was frequently below this figure. 
Many of the cases received only a single do^e, but in June, 
1917, it was ordered that each man should receive at least four 
inoculations at intervals of a week (Bruce *). 

For prophylaxis, 1.500 U.S A. units should be given as .>oon 
as possible after receipt of the wound. As the incubation 
period of tetanus may be a month or more, and as a dose of 
antitoxin does not immunise for more than three weeks, a 
second dose, at least, should always be given if possible. Lack 
of this precaution may lead to the development of tetanus, 
local or general. Even if tetanus does develop after a single 
prophylactic dose, it generally tends to lie mild. 

Climi'al Examination. 

The symptoms of declared tetanus are so obvious that a bacterio- 
logical examination is not needed to establish the diag hom^. 

(1) Prepare several smeais of the pus or discharge, and ^tain 
by Gram's method. Examine microscopically, looking for the 
s p o re - b e a ri ng rods or " drum-sticks.” A drum-stick " bacillus 
is, however, not necessarily the tetanus bacillus. 

(2) Isolation m pure culture should he attempted by Fildes' 
method (p. 383). 

Other anaerobic organisms having terminal spores which occur 
in wounds are : — 

B, tertius ( It o della’ s Bacillus III. ; Hibler’s Bacillus IX.). — 
Blender rod, feebly motile. Gram -staining Spores readily 

formed, oval and terminal. Deep} colonies in agar : small and 
lenticular. Serum and gelatin : not liquefied. Milk : acid clot 
in three to six days with some gas. Meat broth : pink colour 
with some gas ; no digestion. Active fermenter of most sugars, 
mannitol and salicin, but glycerol, inulin and dulcitol not fer- 

* Prevention of Tetanus during the Great War (Research Defence Society). 
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merited. Frequent in wounds and in gas gangrene. Xon- 
patliogenie to guinea-pigs (see Plate XXII.. b). 

B. cochlea* tun. — Slender rod, actively motile. Gram-staining m. 
Spores terminal ; when young, spherical, and the sporing rod is 
very like B. fetani ; when older, oval, and sporing rod spoon- 
shaped (hence name). Deep colonies m agar : small and lenticular. 
Milk : little growth and unchanged. Serum and gelatin : not 
liquefied. Meat broth : colour unchanged, no digestion, and very 
little gas. Carbohydrates, alcohols and glucosides not fermented. 
Often persistently associated with B. sporogenes in culture. Xon- 
pathogenie to guinea-pigs. Frequently associated with B. tetani 
in wounds. 

B. tetanomorph us. — Resembles B. tetani closely. Gram-positive. 
I)ee]> colonies in agar : small and irregular, hut not woolly. 
Gelatin : not liquefied. Milk : unchanged. Meat broth : pink 
colour, no digestion. Glucose and maltose fermented ; other 
carbohydrates, alcohols and glucosides not fermented. Xon- 
pathogenie to guinea-pigs. Frequently present in wounds. 

B. sphenoides . — Small motile rod, Gram-stainmg z £-. When 
young and non-sporing, somewhat fusiform in shape. The spore, 
when young, is sub-terminal, but as it grows becomes terminal, 
and its diameter is greater than the rod, and finally, at maximum 
development, the bacillus with spore assumes a wedge shape. In 
old cultures the organisms degenerate and the sporing rod becomes 
a drum -stick, berum and gelatin : not liquefied. Milk : acid 
and occasionally clotting. Meat broth : unchanged, a little gas. 
Most of the sugars, etc., fermented but somewhat variable. 
Occasionally met with in gas gangrene. 

B. jnitnfieus {coh) (Bienstock). — Reactions of this organism are 
somewhat doubtful. Many so-called pure cultures have proved 
to be mixtures of B . cochlear ins or B. tertius with B. sporogenes. A 
slender Gram-positive rod with round terminal spore. Gelatin and 
serum : liquefied. Milk : digested slowly, with or without curdling. 
Xo gas is formed from any sugar, etc. Xon -pathogenic. The B. 
eealareris sporogenes of Klein may he identical with this organism. 
In pure culture putrefaction is much delayed, hut in symbiosis 
with an aerobe (e.g.. B. coli) putrefaction is rapid.* 

Septic Wounds and Gas Gangrene. 

The micrococcal, streptococcal and aerobic bacillary 
infections of wound and sepsis have already been dealt with 
(Chapter VI., p. 203). The anaerobic bacilli which play so 

* S targes and Rettger, Journ. of Bacterial. , vol. iv., 1919, p. 171 ; 

Reddish, ibid.* vol- 1924, p. 3-21. 
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large a part in dirty septic war and other wounds and in gas 
gangrene may now be considered. 

These organisms may be present as an infection in the 
wound, giving rise to suppuration and sepsis without gas 
gangrene, or they may induce in addition the serious com- 
plication known as gas or emphysematous gangrene. In this 
condition the tissues surrounding the wound become infected, 
necrosis and gangrene result, with the presence of more or less 
gas in the tissues, and the gangrene may spread rapidly and 
widely, causing a state of profound sepsis. 

Among the numerous anaerobic organisms which can be 
obtained from the 'wound or tissues m cases of gas gangrene, 
only three play a predominant role m its causation, viz., B. 
perfringens, the Yibrion septlque and B. cede mat *etts. Any one 
of these three organisms may by itself cause gas gangrene, or 
any two of them, or all three, may he the agents in some ca-es. 
In exceptional instances B.f alias, B. aerofeUdn B. & parogen ex 
and, possibly, B. histolgticus may cause a condition of gas 
gangrene, which is, however, relatively benign. 

In addition to these specific forms, other anaerobes and 
aerobes are frequently associated with them, notably B. putn- 
ficus (anaerobe) and B. coll , B . proteas, B pyocgnuetn < strepto- 
cocci and staphylococci (aerobes). B. colt and B. jaoft a* have 
both been incriminated as causes of gas gangrene, but Wein- 
berg and Seguin state that they have never met with them 
alone. 

Fleming has shown that the aerobic forms may have an 
important effect in determining anaerobic invasion, either by 
exhausting the oxygen and thus facilitating anaerobic growth, 
or by altering the serous exudation in the wound and con- 
verting it into a pabulum well adapted for the multiplication 
of the Lt sere-saprophytic ” anaerobes. 

All the anaerobes named are present in the soil, particularly 
if manured, and the class of wounds under consideration 
derives its infections from this source. 

As regards the incidence of the gas gangrene organisms, 
Weinberg gives the following figures for ninety-one cases : — 

B. perfringens . . . . .77 per cent. 

B. cedematiens . . . . . '34= 

B . sporogenes . . . . .27 

B.fallax . . 16*5 

Vibrion septlque . . . .13 

B . perfringens was present alone in twenty-nine of the cases. 
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B. cedeniatiens in five, and Vibrion septique in one ; the first 
two were present together in three of the cases, the first and 
the last in three, and all three in two ; in the remaining cases 
various combinations of these with other anaerobes w~ere 
present. The B. perfnngens was the most, and the Vibrion 
septique the least, frequent organism. 

The characteristic lesion of the muscle in gas gangrene is 
necrosis* due to the toxins elaborated by the organisms. The 
muscle fibres pass through the stages of cloudy swelling, with 
loss of striation, coagulation necrosis and solution. The 
organisms, vilich are usually present in enormous numbers, 
lie in the connective tissues and for the most part do not 
invade the other structures, and extend to neighbouring 
muscles by spreading m the subcutaneous tissue or the deep 
connective tissue trabeculae. The most striking feature of the 
lesion in the muscles is the entire lack of any inflammatory 
reaction, the muscle fibres are quiescent, and wandering cells 
are completely absent. The infection of the muscles is purely 
an incident — the anaerobic bacilli have no specific action upon 
muscle, nor do they find in it any substances which are especially 
necessary for their metabolism. It is in deep penetrating 
wounds that the organisms thrive best, and such wounds in 
the limbs involve muscle Were the thoracic and abdominal 
viscera of less immediate importance to the life of the individual 
there is no reason to suppose that the incidence of gas gangrene 
in them would not be as high as it is in wounds of muscle 
(Kettle). 


B. PERFRIN GEX S (VeILLO'N’ AND Z TIBER). 

Synonyms. — B. aeiogenes capsulatus (Welch and Xuttall), 
Granule -bacillus saccTui ro-bu ty ricus immobilis liquefaciens (Ctrass- 
berger and Sehat tenfroli ) , B. welchii, gasphlegmon bacillus 
(Frankel), bacillus of acute rheumatism (Achalme : see “ Rheu- 
matism '“). 

This organism was originally described by Welch and 
Xuttall under the name B. aeiogenes capsulatus * in con- 
ditions accompanied by much development of gas in the 
tissues, as in cases which might he described either as phleg- 
monous erysipelas or as emphysematous gangrene, especially 

* Set* Welch and Xuttall. HtJi Johns Hopkins Hosp vol. hi., 1892, p. 81 ; 
Welch, " Shat t nek Lecture." ibid vol. xi., 19<M), p. iS5 ; Dunham, 'ibid., 
v*>!. Till., 1897, p, 08; Welch and Flexner, Journ . Exper. Med vol. L, 
1896, p. 5; Blake and Lahey , Journ Amer. Med. Assoc.* vol. liv., 1910, 

|». 1071 . 
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after injuries. It is also met with, occasionally in perforative 
peritonitis and in various septicaemia and pyaemic conditions, 
in the puerperal state,* complicated stricture, etc. 

The B. perfringens is widely distributed, and has been culti- 
vated from the soil, dust, and contents of the intestines of man 
and animals. Gas-bubbles found in the blood and internal 
organs ( wC foamy organs ”) at an autopsy seem generally to be 
due to this organism, but perhaps may occasionally be caused 
bv other putrefactive bacteria. 

Morphology. — The B. perfnngens is a non -mo tile, sporing 
bacillus, varying from 4 to 8 p m length (Plate XXI., h). It 
occurs singly, in short chains, or in clumps, and occasionally in 
long threads. It stains well with the ordinary amlin dyes and 
also by Gram’s method in the exudate and m young cultures, 
but in older cultures many individuals are Gram-negative. 
In the exudate it is capsulated, but the capsule is lost under 
cultivation except in serum, and the organism spores freely, 
the spores being large and ovoid and central or sub-terminal. 
Under cultivation similar spores are formed, but only In 
media rich m protein and poor in fermentable sugar, e.g.. 
fluid or coagulated serum. 

Cultural Characters. — The B. perfriHg*'Hs grows well an- 
aerobically on all tbe ordinary culture media, slowly at 20' C. 
rapidly at blood-heat, but heavy implantations are usually 
necessary for success. It forms greyish-white colonies on agar 
and gelatin is liquefied. In glucose-broth it produces at first 
a diffuse cloudiness, but later the fluid becomes clear and a 
whitish viscid sediment settles. Milk is coagulated, with a 
strong odour of butyric acid, the casein forming a thick, 
stringy, honey-combed mass on the surface of a watery whey 
(Plate XXI., c ) ; growth ceases after a few days and no spores 
are formed. There is abundant formation of gas in culture 
media, the gas both in dextrose media and in milk . according 
to Theobald Smith, consisting of hydrogen and carbon dioxide 
in the ratio 2 : 1 or 3 : 2. 

Inspissated serum is never liquefied In meat broth a bright 
pink colour is produced with considerable gas formation, the 
medium becomes acid and there is a sour smell, but no putre- 
factive odour. All the sugars and starch are actively fermented 
with gas and acid production, there is a tendency to ferment 
both inulin and glycerin, hut mannitol, dulcitol and salicin are 
not fermented. 

The surface colonies on glucose agar are round and raised, 
* See Little, Bull. Johns Hopkins Hosp .„ vol. xvt, 1905, p. 130. 
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but do not grow downwards, and do not develop filamentous 
outgrowths ; the deep colonies are lenticular. 

Toxins. — A toxin is formed in broth to which serum or fresh 
muscle has been added. The toxin is a complex of a heemolysin 
and another poisonous bod} - ". The filtered toxin injected in- 
travenously into a rabbit produces great blood destruction. 
Injected subcutaneously into a guinea-pig, 2 c.c. causes oedema 
and sloughing and death in three days. Babbits can be 
immunised with the toxin and yield an antitoxic serum (Bull 
and Pritchett), and during the latter part of the AVar an anti- 
toxin was prepared in quantity by injection of the toxin into 
horses. Butyric acid is freely formed. 

Pathogenicity. — The virulence of different strains of B. 
perj 'tin gens varies, and the v'aslied bacilli and their spores are 
non-pathogenic. It is pathogenic for guinea-pigs and mice, 
but much less so for rabbits. The whey of a milk culture in 
quantities of 0*5-2 c.c. per 100 grm. of body-weight produces 
death in a guinea-pig within forty-eight hours, though spon- 
taneous recovery from what should be a lethal dose sometimes 
occurs. Po^t- mortem, if injected subcutaneously, the hair 

strips readily from the skin, which may be green and gan- 
grenous ; the subcutaneous tissue may also be green and 
gangrenous, or more or less digested, so that the skin hangs 
loose, and the sac formed contains gas and exudation, some- 
times scanty, sometimes abundant, thin and sanguinolent, 
and containing numbers of bacilli ; the blood-stream is invaded 
relatively early in the course of the infection. Around the 
gangrenous area the tissues are markedly oedematous. If the 
po^t-mortem be delayed, or if the heart-blood be taken up into 
tubes, and these are sealed and incubated for some hours, 
many of the bacilli will spore. Pigeons, by iiitra-muscular 
inoculation, are also susceptible. Injected intravenously into 
a rabbit, the animal killed immediately and the carcase 
incubated at 37° C. for twenty-four hours and examined, there 
is an abundant formation of gas, particularly in the liver, 
which is riddled with gas bubbles. Monkeys fed with con- 
siderable numbers of B. perfringens are unaffected. Agglu- 
tinins do not seem to be formed by this organism. 

B. perj ringeus is the principal cause of gas gangrene in man. 
The condition arises within a period from a day or two up to 
two or three weeks after infliction of a wound. The tissues 
become hard, tense and crepitant, gangrene follows which 
may be limited to a muscle or group of muscles or even to an 
area of skin or may spread widely. A repulsive sickening odour 
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emanates from tlie patient, who in the bad cases rapidly passes 
into a state of profound toxaemia, and death may ensue within 
twenty-four to forty-eight hours. 

The mode of action of B perfnngeyis has been the subject 
of discussion. Bull and Pritchett * hold the view, which must 
be regarded as the correct one. that infection by B. perf nnge ns , 
like infection by B. tetani , essentiallv resolves itself into an 
intoxication, in which an exotoxin yielded by the multiplying 
organisms constitutes the chief danger 

Although the organism is so deadly in many cases, it may 
be present in enormous numbers without gas gangrene ensuing. 
Emery "f attributed this difference largely to the influence of 
the toxin upon leucocytic emigration. Provided the amount 
of toxin is not too great, leucocytes emigrate in numbers and 
by their phagocytic action are protective ; if, however, the 
toxin becomes concentrated, leucocytes no longer emigrate. 
Concentration of toxin depends on several factors — virulence, 
facilities for rapid multiplication of the organism (e.g., dead 
and lacerated tissues or blood-clot heavily infected), retardation 
of escape of toxin ( e.g in a badly-drained wound and by inter- 
ference with the blood supply). Bacterial associations may 
also play a part. Thus Douglas, Fleming and Colebrook % 
found that proliferation of B . pe if nnge ns is more rapid when 
it grows in symbiosis with streptococcus staphvlococcus 
diphtheroid organisms, B. prate as B. pyocganeas and a coliforai 
organism, and according to Emery the prognosis is decidedly 
better if B. perfnngens be present alone, than if streptococci or 
staphylococci be also present. 

Baciixus cedematis (MAEiaxr) (Korn). 

Synonyms, — Vibrion sej3tique (Pasteur), B. sept ions (Mace). 

It seems clear that an organism agreeing with Pasteur's 
Vihrioyi septique is of frequent occurrence in wounds. Yibnon 
septique and the B. cedematis mahgm of Koch are probably 
identical. The organism occurs in the soil and in the intestine 
of man and animals. It is an anaerobic bacillus varying in 
morphology in the tissues and in culture. In a wound definite 
bacillar forms are present, many sporing, the spores being 
spherical or ovoid and central or subterminal and clostridial 
forms are frequent (Plate XXII . a). In an inoculated animal, 

* Journ. JSxper m Med., vol xxvi , 1917, p. 119. 

f JLancet , 1916, vol. i., p. 948. 

$ Ltane*et 9 1917, vol. i., p. 604. 
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tlie organism may be found in the exudate, liver, spleen and 
blood in the form of a bacillus or as long sinuous filaments, and 
spores may be observed as early as twenty-four hours after 
inoculation. In a glucose agar culture the organism may vary 
from 3 /x to 15 p. in length and chains of slender bacilli may be 
present in which the subdivisions are distinguished with 
difficulty. The malignant oedema bacillus is actively motile 
and mult i-fiagellat e and is Gram-positive in the tissues and 
for the most part in quite young cultures, but in older cultures 
many individuals are Gram- negative. 

It grows and spores freely on the ordinary culture media. 
Surface colonies on glucose agar consist of a tangle of filaments 
which grow out from the centre giving a woolly appearance ; 
in deep plates and shakes the colonies are similarly woolly. 
Gelatin is rapidly liquefied, serum is not liquefied. Milk : 
acid, slow curdling and some gas. Meat broth : red or pink, 
rancid, but not putrid, odour. Many sugars and salicin are 
fermented but not sucrose, imilin, glycerol, mannitol and 
dulcitol. 

Pathogenicity. — The malignant oedema bacillus is patho- 
genic for many animals — guinea-pig, rabbit, rat, mouse, sheep, 
goat and horse. The ass, fowl and pigeon are also somewhat 
susceptible, but the ox is refractory. Different strains vary 
little in pathogenicity. A lethal dose of culture injected into 
the thigh of a guinea-pig causes the death of the animal within 
twelve to twenty-four hours with oedema and the development 
of gas in the tissues. A sub-lethal dose produces no effect 
whatever. The muscles affected have a characteristic deep-red 
colour and are softened, but there is no putrid odour. Grown 
in a meat broth medium a toxin is formed with which an anti- 
toxin can be prepared. 

Agglutinins for the organism are formed if washed and 
heated cultures be injected into a rabbit. 

Mixtures of B. perfringens and B. oe clematis maligni are very 
toxic, causing extensive oedema with some gas and very fetid 
odour. 

Ytbrio/i septique also causes spontaneous infections in 

animals (p. 401). 

Bacillus cedematiens (Weinberg). 

A large anaerobic bacillus 0-8 p broad by 4—10 p long. While 
the ^ organisms in the wound and in young cultures are Gram- 
positive. in older cultures a number are Gram-negative. It is 
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motile (in the wound exudate), possessing several long flagella, 
and spores freely in all media within twenty-four to forty-eight 
hours. The spores are large, ovoid and sub-terminal or central. 
It grows only under strict anaerobic conditions. Meat broth : 
gas and pinkish colour which fades rapidly. Milk soon becomes 
acid and finally clots in ten to thirty days. Gelatin is liquefied 
but not serum. Colonies in shake agar are delicate and woolly. 
Glucose, Isevulose and maltose are fermented, but not other 
substances. It is pathogenic to guinea-pigs, rabbits, rats and 
mice, a twenty-four hour glucose broth culture, injected sub- 
cutaneously or into the muscles, killing a guinea-pig in from 
six to thirty hours. The muscle at the site of inoculation is 
hypersemic but not gangrenous, contains gas bubbles, and has 
a putrid odour. A considerable gelatinous oedema surrounds 
the area of inoculation. B. cedematiens secretes an active toxin 
and agglutinins are formed by the injection of washed bacilli. 
The organism occurs in the soil. 

JB. fallax (Weinberg). — A slender bacillus, 2—5 g long. It is 
motile in the wound exudate and possesses several very long 
spirilliforni flagella. {Spores are oval and sub -terminal, but are 
infrequent. It is Gram-positive in the wound exudate and in 
young cultures, but in older cultures tends to become Giam- 
negative. Deep colonies are lenticular. Milk is curdled in a lew 
days, the curd being soft and mostly at tbe bottom. Gelatin and 
serum are not liquefied. It ferments glucose, maltose, galactose 
and lsevulose, with the production of much gas. Much gas rs 
formed in a glucose agar stab. It is pathogenic for guinea-pigs 
and mice, but not for rats. If inoculated into a muscle in a guinea- 
pig, 1 c.c. of a broth culture kills m twelve to sixteen hours, and 
at the site of inoculation a large local lesion forms — the muscle is 
red and hypersemic and contains numbers of gas bubbles and a 
considerable gelatinous oedema occurs at the margin of the lesion. 
An active toxin is formed. 

R . Tiistolyticus (Weinberg). — A motile. Gram-positive, iniilti- 
flagellate, diplobacillus, 3—5 g in length, forming large sub -terminal 
spores. It develops well in ordinary culture media ; no gas pro- 
duction in sugar media ; ferments gldcose, laevulose and maltose. 
The deep colonies in agar are woolly and arborescent. Gelatin 
and serum are liquefied. Milk is coagulated and the clot becomes 
digested in eight to fifteen days. The organism produces a toxin ; 

1- 2 c.c. of a filtered broth culture injected intravenously kills a 

2— 3 kilogram rabbit, often in a few minutes. 

Cultures injected subcutaneously in a guinea-pig cause extensive 
destruction and liquefaction of the tissues. While incapable 
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itsrlf of producing gas gangrene, it plays a part when present with 
//. per ft ingens ami B. wdematiens in bringing about softening of 
the tissue^. 

/;. aerojet ulus (Weinberg). — A small slender bacillus 3-5 g m 
length Motility is slight and it is (dram 4-. Spores are sub- 
terminal and not readily formed. Deep colonies are small and 
irregular, (tela tin and serum are liquefied. Meat broth : first 
reddening then blackening, putrid odour. Milk : curdling and 
gas formation. Glucose, maltose and lactose fermented (Mc- 
Intosh), also hevulose and salicin (Henry). Not pathogenic to 
guinea-pigs. 

B. sporogenes (Metehnikofl). — Is p resent m a large proportion 
of wounds. An actively motile bacillus 3—7 p m length, and 
mofttly Gram-positive, spores are readily formed, are oval and 
central or sub -terminal. Deep colonies are woolly. Meat broth : 
gas formation with alkaline reaction, digestion and blackening. 
*Serum and gelatin are liquefied. Milk is digested without definite 
clotting. Glucose, hevulose and maltose are alone fermented. 
A feature of this organism is its extraordinary persistency in the 
presence of other organisms ; it is the most frequent intruder into 
cultures of other anaerobes, and the mixed cultures may maintain 
a consistent appearance and the same fermentation reactions for 
long periods. B . sporogenes tends to enhance the virulence of 
B. perfdngens, though itself frequently non-pathogenic. Some 
strains, however, are capable of producing a putrid gangrene. A 
non-specific volatile poison (? a sulphur compound) is formed. 

B. enteritidis sporogenes. — Klein * isolated this organism from 
an outbreak of diarrhoea. The author f subsequently showed 
that it is an ubiquitous organism. Morphologically and m its 
cultural and pathogenic characters it has many resemblances to 
B. per fringe ns. Recent work indicates that Klein’s cultures were 
not pure, but were probably a mixture of B. perfr ingens or of a 
butyric acid form with B. sporogenes. Klein’s B. cadaveris sporo- 
genes is probably identical with B. putri ficus. 

Other Anaerobes present in Wounds. 

G-oadby describes the B. necrosis as being frequently present. 
It is a long, non-motile. Gram -negative, slender and often pointed 
anaerobic bacillus. No spores are formed. Meat undergoes 
pep t onisat ion . Neither gas, acid nor clot is formed in milk. 
The colonies are diffuse and woolly with long tangled filament 
formation. Grows with difficulty. It seems to be an ill-defined 
species. 


* Beps. Med. Off. Lae. Gov. Board , 1895-96 and 1897-98. 
f Trans. Jenner Inst. JPmt\ Med., vol. ii., 1899, p. 70. 
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Fleming describes Bac%llus X., Bacillus Y , 44 Wisp ” Bacillus and 
an anaerobic streptococcus as frequent. Bacillus X is the B . 
anaerobic us alkaligenes (De Bono) and is long, non -motile, Grain- 
positive and sx>ores freely, tlic spores being large, ovoid and sub- 
terminal. Tliere is much gas x> reduction in glucose media. Milk 
is not clotted but is x>eptonised in three to four days. Causes much 
local oedema at site of inoculation in a guinea-pig. Bacillus Y 
is a long, slender, Gram -negative bacillus, feebly motile with a 
sub -terminal ovoid spore. Produces less gas than Bacillus X , 
liquefies albuminous media, gives rise to a putrid odour and is 
non-pathogenic to the guinea-pig. The Wisp ” Bacillus is 
probably B. ramosus . It is a small Gram-positive, non-motile 
diphtheroid bacillus growing well, producing no gas, clotting 
milk, with acid x>toduction m three to four days. It is markedly 
pyogenic. 

The anaerobic streptococcus formed long chains in culture, 
did not redden neutral-red egg medium, and did not seem to 
ferment any of the sugars. Fleming also notes the occasional 
presence of an anaerobic mfluenza-hke bacillus _£». fragilis 
(Veillon)]. It is a very small Gram-negative bacillus growing well 
and producing acid but no gas m glucose media. It clots milk 
with an intense acid reaction. 

Bacillus botulinus [Clostridium botulinum]. 

Van Ermengem isolated this anaerobic bacillus m cases of 
poisoning associated with the consumption of sausages. It has 
also been met with m forage poisoning (mules) and m certain 
vegetable products (on botulism, see 4 “ Food Poisoning,'’ Chapter 
XXII.). The symptoms are caused by the absorption of toxin, 
which has a special effect on the nerve centres. 

The organism is a large anaerobic bacillus, often occurring m 
pairs or in short chains, slightly motile. Gram-positive, andsponng. 
The spores are small and oval, and generally sub -terminal. The 
organism is difficult to cultivate as the slightest acidity inhibits 
growth. The best results are obtained m media containing fresh 
tissue or glucose : strict anaerobiosis is necessary. In glucose 
gelatin it forms a whitish streak in the line of the stab, with lateral 
outgrowths, liquefaction of the medium, and gas-formation. The 
cultures have a rancid odour, due to butyric acid production. 
Serum is not liquefied. Colonies in glucose-agar shakes are 
lenticular or reniform. Glycerol, glucose, maltose, lactose and 
starch are alone fermented. Milk is unchanged. The optimum 
growth is from 20°— 30° C. 

The B. botulinus in broth cultures forms a potent extra -cellular 
toxin, which is toxic both by injection and by ingestion, and of 
which 0 0001 c.c. or less of the culture filtrate may kill a guinea- 
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pig. There are two types of the bacillus, A and B, identical 
morphologically and culturally, but jmodueing distinct toxins, 
each capable of forming its own antitoxin, which does not neutralise 
the other toxin. The toxin is also produced in the infected food. 
With the toxin an antitoxin can he prepared for treatment of the 
disease in man, but should be polyvalent. The organism is some- 
what pathogenic for guinea-pigs. Babbits, guinea-pigs, mice, and 
monkeys are very susceptible to the toxin by inoculation or 
feeding, cats are susceptible to inoculation only, dogs are insus- 
ceptible both to inoculation and to feeding. B. botulinus has 
never been recovered from wounds, but has been isolated from 
the soil and from spoilt vegetables. 

Black Quaeter. 

Synonyms . — Black Leg, Quarter Evil, Symptomatic Anthrax, 
Bausehbrand, Charbon symptomatique. 

Black quarter is a disease affecting sheep and oxen, and is un- 
known in man. The names black quarter, black leg, and quarter 
evil are derived from the dark discolouration of the muscles of the 
legs and flanks or quarters of the affected animals. When the 
muscles are cut into, a thin sanguineous fluid exudes, and in this 
fluid slender bacilli are present, some of which are swollen or 
club-shaped from the presence of spores. The muscles are dark, 
slightly crepitant owing to the presence of gas, and have a rancid 
odour. 

The organism, the B. {dost/ idium) chauvcei , is a slender rod 
never forming long threads, is strictly anaerobic and motile but 
loses its motility in the presence of oxygen. Some of the rods are 
cylindrical throughout, others form slender spindles, others are 
oval or lemon -shaped. In broth and meat media clostridial forms 
and rods with sub-terminal spores occur. It stams in the tissues 
by Gram's method, but tends to be Gram-negative in culture. 

Gelatin is rapidly liquefied, serum is not liquefied. In glucose- 
agar it forms a thick, irregular, greyish growth, with much 
development of foul- smelling gas. It forms acid and clot in milk 
and acidifies meat broth without blackening. B. chauvcei ferments 
glucose, lactose, maltose and sucrose, but not salicin, inulin and 
the alcohols. The colonies are round or lenticular with regular 
margins. The author has found extreme difficulty in isolating 
and in maintaining cultures of the organism. The guinea-pig is 
susceptible if inoculated subcutaneously or into the muscles, 
the bacilli being found at the site of inoculation, but not in the 
Mood or internal organs. Mice are also susceptible, but rabbits 
are relatively insusceptible. Artificial immunity can be induced 
ia fanois ways s by bacilli attenuated by heat or by successive 



B UT YRIC FERMENT A TION 401 

cultivations, or by heating the dried muscle to 85° to 90° C. for 
six hours (Kitt), also by inoculating the susceptible animal at the 
tip of the tail. Hanna,* by growing the organism in a mixture of 
blood -serum and broth, obtained toxins which, by careful injection, 
conferred immunity on rabbits, the animals after injection yielding 
an antitoxic serum. 

Hamilton described anaerobic bacilli in braxy, louping-ill, 
and other diseases of sheep and deer, hut they are probably putre- 
factive and non-specific. 

Animals suffer considerably from acute gangrenous infections. 
Malignant oedema and black quarter infections are relatively 
common. JE>. perfringens infections are very rare, and B. oedema - 
tiens infections are rare, except, perhaps, m the horse. f 

Anaekobic Butyric Acid Bacteria. 

Anaerobic organisms occur in milk, in which they produce a 
marked butyric acid fermentation with changes like those of the 
B. perfringens. Such are the B. butyricus ( Yibnon buty i ique, 
Pasteur), Clostridium butyric urn (Prazmowski), and Bacillus 
amylobacter (Van Tieghem), which are not clearly distinguished 
from one another. They form short and long rods and filamentous 
forms, "which are Gram -positive. Spores are small and oval, 
central, sub -terminal, and frequently clostridial. Milk i* rapidly 
acidified and curdled. They do not liquefy gelatin nor blacken 
meat broth, which is acidified. The surface colonies are smooth, 
the deep ones filamentous. They aie non-pathogemc. 

* Journ Path . and Bart , vol iv , 1897, p 383 

j* Heller, Jouin Infectious Diseases , vol. 27, 1920, p 38.5 (JBibliog ). 
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CHAPTER XIV. 


ASIATIC CHOLERA— VIBRIO METCHNIKO VI— VIBRIO OF 
FINKLER AND PRIOR— VIBRIO OF DENEKE. 

Asiatic Cholera. 

The bacteriological study of Asiatic cholera may be said to date 
from the researches of Koch, who in 1884 was sent by the German 
Government to investigate the disease in Egypt and India. He 
detected an organism in the intestine and dejecta which he 
believed to be the specific eontagium It had the form of a curved, 
rod or vibrio, and he called it the “comma bacillus” from its 
likeness to a German comma. Koch's comma bacillus,” as it is 
commonly termed, is by some placed in the genus Spirillum. 

Vibrio cholera: (asiatica:). 

Morphology. — Curved rods with, rounded ends 1 to 2 p in 
length, sometimes forming half a circle, sometimes united in 
pairs forming an S-shaped curve (Plate XXIII., a). It is 
present in the intestine and in the alvine discharges, especially 
in the rice-like flakes. In the rice-like flakes it is frequently 
so numerous that in a film the “ commas ” are arranged in 
“ ranks and files ” parallel to one another ; this is also known 
as the " fish-in-stream ” arrangement. Greig * found in six 
recently passed stools from 145 to 2.000 million vibrios per 
cubic centimetre. 

The vibrio is ordinarily found only in the intestine, but 
Greig has occasionally isolated it post-mortem from the lungs, 
liver, spleen, kidneys and gall-bladder, bile and urine, but 
never from the blood during life. He suggests that dis- 
semination is by the lymphatics and is probably “ agonal.” 

The vibrio stains well with ordinary anilin dyes, especially 
with dilute carbol-fuchsin, but is Gram-negative/ It is actively 
motile, and typically possesses a single terminal flagellum at 
one end only, but there is some variation in this respect. 
Spores are not formed, though in old cultures arthrospores 
have been described. In such cultures the bacilli lose their 

* Greig’* papers on cholera will be found in the Indian Journ. Med. 

Rtmurrhy L if «f. 
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Gelatin stab-culture, two days old 
(c) V. metchnikovi , (d) V, . 
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regular shape, and swollen and distorted involution forms are 

seen. 

The majority of the organisms in a young agar culture 
assume the vibrio form, but in broth or peptone water cultures 
two or three days old they are longer and there is a tendency 
for them to become somewhat spirillar, but regular spirals are 
not formed. 

Cultural Characters and Biology. — The Koch vibrio is 
aerobic and facultatively anaerobic, and grows well on the 
ordinary culture media from 20° to 37 c C. 

In gelatin plates at 22° C. small cream-coloured colonies 
appear in about twenty-four hours, soon accompanied by 
liquefaction, so that in two or three days the plate becomes 
pitted. Microscopically, the young colonies are rounded with 
irregular margins. In stab-cultures development occurs all 
along the stab as a whitish, opaque, punctate growth, thicker 
above than below. Liquefaction commences about the second 
day and progresses slowly : in the early stage it is confined 
to the surface, and looks like a little bead or air-bubble 
(Plate XXIII , b ), later it becomes goblet -shaped, but in a 
fortnight or so the greater part of the gelatin may be liquefied. 
Liquefaction varies greatty both m rate and m extent in 
different cultures and stocks ; in some old laboratory cultures 
it may be almost absent. On surface agar a thin, moist, 
shining, greyish growth quickly develops with more or less 
crenated margins often becoming brownish when old. On 
blood serum much the same growth occurs with slow lique- 
faction. Colonies on agar are thin and semi-transparent, with 
a bluish sheen. A thin brownish layer is formed on potato at 
37° C., and broth becomes turbid, a delicate film forming on 
the surface. Peptone water, or Dunham’s modification of it 
(1 per cent. XaCl), is a good cultivating medium, and a delicate 
film forms on the surface. In milk it multiplies rapidly with 
more or less acid-production and sometimes curdling. Acid, 
but not gas, is produced from glucose, maltose, saccharose, 
galactose, mannitol and starch. Lactose is sometimes fer- 
mented ; duleitol, arabinose, inulin and salicin are not fer- 
mented.* 

An important characteristic of the cholera vibrio is the 
rapid formation of indole in considerable quantity, and the 
reduction of nitrates to nitrites, especially in peptone water. 
This forms the basis of the cholera-red reaction ; the addition 


* See ISTobeehi, Journ. of Bacteriol., vol. x.. 1925, p. 197. 
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of a few drops of pure sulphuric or hydrochloric acid to a 
peptone-water culture, eight to twelve hours old, gives a pink 
colour, and the colour is intense when the culture is two to 
three days old, and of a purplish-red colour, like that of 
potassium permanganate. Home specimens of “ peptone 55 
are unsuitable * for preparing the peptone water medium, on 
account of the absence of a tryptophane nucleus. The medium 
should be sugar-free and contain nitrate ; the addition of 
0*01 per cent, potassium nitrate to it is an advantage. The 
reducing action of the cholera vibrio can also be shown bv 
growing in litmus broth, which becomes decolorised (Cahen’s 
test). 

The question of the formation of hsemolysins by the cholera 
and allied vibrios is important. 

Kraus and Prantschoff * noticed that certain vibrios pro- 
duce hauuolysin and dissolve red blood -corpuscles, but came 
to the conclusion that no recently isolated true cholera vibrio 
is haemolytic. 

Strong, in the Philippines, found that all vibrios winch 
agglutinated well with a cholera serum were genuine cholera 
vibrios and that none was haemolytic. On the other hand, 
Baerthlein i found that seven freshly isolated strains of the 
cholera vibrio were haemolytic in suspensions of sheep’s cor- 
puscles in from twenty-four to forty-eight hours. Van 
Loghem employed goat's blood-agar plates in haemolytic tests 
for the cholera vibrio. He asserts that goat’s blood is quickly 
hsemolysed by haemolysing cholera-like vibrios, but that 
recently isolated cholera strains, if they haemolyse at all, do 
not do so for some time — twenty-four to forty-eight hours. 
It is usual now’ in performing haemolytic tests to incubate for 
not more than a few' hours. 

Van Loghem J asserts that the apparent haemolysis on a 
blood-agar plate occasionally occurring with the true cholera 
vibrio is really haemo - digest io n . He distinguishes haemolysis 
from hsemo-digestion by the tint of the haemolytic zone — red 
in true haemolysis and greenish in haemo- digestion — and 
spectroscopically the affected zone show's oxyhsemoglobin in 
haemolysis but not in Lsemo- digest ion. The blood agar used 
for the plates is composed of nutrient agar with an addition 
of 11-12 per cent, of defibrinated goat’s blood. 

Greig, using 1 c.c. of a 5 per cent, suspension of goat’s 

* If \e». Ihn. Witch 1906, p. 299. 

f Art. a as dem kmiserl. Gesundkeitsamte, xxxvi., 1911. 

t Centr. f. Bald*? ATbt. i. (Originate), Ixx., 1913, p, 70. 
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corpuscles added to quantities of a three-day-old broth culture 
varying from 0*01 c.c. to 1-0 c.c. (the smaller quantities made 
up to 1 c.c. with saline), the mixtures incubated for two hours 
at 37 c C.. and then kept in the ice chest overnight, found that 
not one of 333 different strains of the cholera vibrio hsemolysed, 
while of 100 cholera-like vibrios nineteen gave no haemolysis, 
sixteen gave a trace of haemolysis, and the remaining sixty -five 
haemolysed more or less strongly. Grown for twenty-four 
hours on 12 per cent, goat’s blood-agar plates, of 101 cholera 
vibrios, one gave distinct, nine gave a trace of, and the 
remainder no, haemolysis, while of forty-three cholera-like 
vibrios, one gave no, one gave a trace of, and the remainder 
gave decided, haemolysis. For al] practical purposes, therefore, 
it may be stated that the cholera vibrio is non-haemolvtic. 

The cholera vibrio retains its vitality m cultures for a month. 
It can multiply in water and on the surface of moist linen, but 
rapidly dies on drying. Its thermal death-point is about 
55° C. with an exposure of ten minutes. It is easily destroyed 
by the ordinary germicides. 

Dempster found that the vibrio lived from three to five days 
in dry soil, but only one day m an artificially dried soil, while 
in moist soil it lived from twenty- eight to sixty -eight days. 
In peat, how r ever, it was invariably dead within twenty-four 
hours. In sterilised salt solution (0*75 per cent ) vibrios were 
alive on the 159th day, and in fresh urine (sterilised) they lived 
fourteen days at 37° C. and twenty-nine days at 22' C 

Greig found that in Calcutta m the stools kept at room- 
temperature, the vibrio lived for just over one day m June 
(hot season) and for just under eight days m February (cold 
season). 

In sterilised distilled water the cholera vibrio usually 
rapidly dies, as a rule within twenty-four hours. The addition 
of sodium chloride greatly increases the length of time it may 
remain alive, a survival of five or six weeks having been 
recorded. In ordinary sterilised potable waters it may survive 
many months. In unsterilised potable waters its survival is 
greatly influenced by the presence of salts ; in some cases it 
dies out rapidly ; in others, especially in those containing a 
large proportion of salts, it may remain alive for some time. 
Houston * found that cholera vibrios die very rapidly in raw 
Thames, Lee, and New Fiver waters as the result of storage 
in the laboratory. At least 99*9 per cent, perish within one 


* Metropolitan Water Board, Fifth JRejp. on Mesearch Work, 19*10. 
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week, and it was not possible to isolate any. even from 100 c.c. 
of the water, three weeks after infection. Klein found that 
the cholera vibrio could retain its vitality for at least fourteen 
days in imsterilised sea-water, while from the interior of 
oysters, kept in water infected with the vibrios, it was obtained 
up to nine days after infection. In sterilised sewage the cholera 
vibrio multiplies and survives for months ; in unsterilised 
sewage it naav survive for two to four weeks (Houston). 

The disease is spread mainly by infected water ; milk, 
salads, vegetables, and flies are other sources of infection. 
The organism has been found in the dejecta of contacts not 
suffering from the disease, and it may sometimes persist for 
long periods after convalescence. In these cases the vibrio 
may sometimes be located in the hiliary tract. Crendiropoulo 
examined the stools of 34,461 persons on ships coming from 
cholera-infected ports. Cultures of vibrios were obtained 
from sixty-three of these, of which twenty -three were agglu- 
tinated, and forty were not agglutinated, by a high-titre cholera 
serum. 

Pathogenicity. — The causal relation of the cholera vibrio to 
the disease has been doubted in the past, but the voluminous 
researches which have since been made confirm Koch’s work. 
The organism is found in all cases of cholera, and a few 
instances of laboratory infection from cultures have been 
recorded. 

Xone of the lower animals suffers from or contracts a 
disease in any way comparable to Asiatic cholera, so that the 
test of animal experiment cannot be applied except in the case 
of young suckling rabbits (see below. C£ Anti-serum ”). By 
first neutralising the acidity of the gastric juice by an injection 
of sodium carbonate solution into the stomach, then diminish- 
ing peristalsis by an injection of tincture of opium into the 
peritoneal cavity, and finally injecting a broth culture of the 
cholera vibrio into the stomach, Koch succeeded in inducing 
in guinea-pigs a condition somewhat similar to cholera in man 
— namely, indisposition with falling temperature, weakness of 
the extremities, and death in forty-eight hours. Post-mortem, 
the small intestine was congested and filled with a watery 
fluid containing large numbers of the vibrios. Injected into 
the peritoneal cavity of mice, guinea-pigs and rabbits, the 
vibrio produces death from a general septicaemia. The vibrio 
is only slightly, if at all, pathogenic for pigeons by intra- 
muscular inoculation. The virulence varies much and is lost 
under cultivation. 
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hletchnikoff ascribed tlxe immunity of animals to intestinal 
cliolera as largely due to the inhibitory action of the other 
organisms present in the digestive tract. In man digestive 
disturbances are often an important predisposing cause of an 
attack. The acidity of the gastric juice is also probably a 
means of defence (see Water ,5 ). 

The blood-serum of cholera patients agglutinates the vibrio. 
According to Greig, in non-fatal cases the cholera agglutinins 
rarely develop so early as the second day of the disease, but by 
about the sixth day become marked. The titre remains high 
until the seventeenth day and then drops, and by the twentieth 
day or soon after the agglutinins disappear The majority of 
cases agglutinate up to a dilution of 1 in 60, some in dilutions 
of 1 in 200, 400, 800, or 1,000. The majority of fatal cases, 
even if they live for several days, do not develop agglutinins. 
In no case did the serum agglutinate a cholera-like vibrio 
isolated from the stool. In carriers agglutinins are generally 
present. Normal serum may agglutinate the vibrio up to a 
dilution of 1 m 20. 

Occurrence of Cholera-like Vibrios. — The bacteriological 
recognition of cholera and of the cholera vibrio has become 
complicated owing to the existence of pathogenic vibrios which, 
although not identical with the cholera vibrio of Kocli. 
resemble it closely. 

The cholera-like vibrios occur m the stools, sometimes with 
the standard cholera vibrio, and occasionally may be isolated 
from the tissues. They form indole and resemble the standard 
cholera vibrio in their general cultural and fermentation 
reactions. Slight differences between them and the standard 
cholera vibrio are occasionally noticeable, e.g.\ m morphology 
and in the rate of liquefaction of gelatin, and the majority 
hsemolyse. They are commonly virulent to rabbits, even in 
smaller dose than the standard cholera vibrio, and about one- 
third of them are pathogenic to pigeons. 

Agglutinins agglutinating the autogenous cholera-lxke vibrio 
are usually either not present, or are present only in small 
amount in the serum of the patient from whose stools the 
cholera-like vibrio has been isolated. Occasionally agglutinin 
for the autogenous cholera -like vibrio is present in fair 
amount, and it may be that, in addition to typical cholera 
caused by the standard cholera vibrio, cholera-like infections 
occur associated with the presence of a cholera-like vibrio in 
the stools. 

It has been suggested that races of the cholera vibrio exits. 
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Douglas * found that all of a number of strains investigated 
belonged to one serological race. Nobechi, however, states 
that three immunological races of V. cholera? exist. It is 
possible that some of the cholera-like vibrios may cause a 
choleraic disease. Castellani suggested the term £< para- 
cholera to denote choleraic cases in which the true V. 
(hole f a is absent but which seem to be caused by some of 
these cholera-like vibrios. 

The historic £t El Tor vibrios 55 are another instance of the 
occurrence of cholera-like vibrios. They were isolated by 
Puffer from pilgrims returning from Mecca who had not had, 
and had not been in contact with, cholera. They gave positive 
agglutination and absorption and the Pfeiffer reaction with 
cholera serum, but they hsemolvsed and did not fix cholera- 
immune body. Puffer came to the conclusion that they were 
not genuine cholera vibrios, and this is the general opinion, 
though some observers, e.g.. Neufeld and Haendel,f consider 
that they are true cholera vibrios. Douglas (loc. at.), reviewing 
the El Tor strains, considers two of them (A 4 and 5) to be true 
cholera vibrios, the others not. 

Cholera-like vibrios also occur in natural waters. 

The principal cholera-like vibrios isolated from natural 
waters are those of Sanarelli from the Seine ( Sanarelli ), Dunbar 
from the Elbe ( Ehvers ), Xeisser from the Spree ( Berohnensis ), 
Heider from the Danube (Danubicus), and one isolated by 
Ivanoff (Icatioff). 

By the Pfeiffer reaction and agglutination tests, it seems 
probable that some of these vibrios — Sanarelli , Berohnensis 
and I runoff — may be derived from the standard cholera vibrio. 

That the characters of the standard cholera vibrio may be 
altered by a sojourn in water seems probable from an obser- 
vation of Ureig’s. He isolated a cholera-like vibrio from the 
water of a tank in the vicinity of which cholera had occurred. 
It was agglutinated only in a dilution of 1 in 200 by a cbolera 
serum, which agglutinated the standard cholera vibrio in a 
dilution of 1 in 16,000. The serum of a rabbit immunised with 
it agglutinated itself in a dilution of 1 in 16.000, but did not 
agglutinate the standard cholera vibrio at all. This rabbit died 
during the experiment and the vibrio was recovered from the 
gall-bladder. This bile vibrio ' 5 was then used to immunise 
another rabbit, and this rabbit's serum agglutinated the bile 
strain In a dilution of 1 In 6,000—8,000, and also tbe standard 

♦ Mr it Jomru, Exper. Pathol., vol. h., 1921, p. 49. 
f Arimit a. d. faw. Qe&u ndheitsam te, xxvi., 1907, p. 536. 
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cholera vibrio in a dilution of 1 in 5,000, but did not agglutinate 
the original water strain at all ! The original water vibrio 
differed somewhat morphologically from the standard cholera 
vibrio, but the bile strain approached the standard cholera 
vibrio closely. 

The Vibrio Mcissowah, isolated during an epidemic of cholera 
at Massowah on the Bed Sea, has two terminal flagella at each 
end, and is regarded as being a member of the cholera-like 
vibrios. 

Toxins. — Bneger m 1887 obtained cadaverm and put res cm 
and two other basic bodies from cholera cultures. Brieger and 
Frankel isolated a tox-albumin, and Gamaleia a ferment-like 
body. Hueppe stated that the cholera poison is a tox-albumin 
formed in the culture medium, but that immunising substances 
are derived from the bacterial cells. Westbrook obtained 
albumoses and other bodies from alkali-albumin, egg. and 
Uschinsky medium, cultures. This observer also found 
aerobic cultures of the cholera vibrio to be much more toxic 
than anaerobic ones. 

Pfeiffer found that cholera cultures killed with chloroform 
vapour contained a toxic substance fatal to guinea-pigs in 
small doses, with extreme collapse. He believed the substance 
to be an integral part of the bacterial cells 

Metchnikoff,* Roux and Salimbem demonstrated the 
existence of a soluble cholera -poison in an ingenious manner. 
Collodion sacs of 2 c.c. to 3 c e. capacity were sterilised, tilled 
with peptone solution, inoculated with the cholera vibrio, and 
closed. The closed sac was then introduced into the peritoneal 
cavity of a guinea-pig, which died m three or four days from 
the effects of the soluble toxins dialysing through the walls of 
the sac (see also below). 

Brau and Dernier t obtained a toxic filtrate by cultivating 
the cholera vibrio m a medium consisting of horse serum with 
an addition of 10 per cent, of defibrinated horse blood. 

Macfadyen obtained a highly toxic endotoxin bv triturating 
cholera cultures with liquid air.J 

Emmerich advanced the view that the cholera intoxication 
is not a toxin intoxication, but is due to nitrite poisoning, the 
nitrites being produced by the reducing action of the vibrios 
on nitrates present. 

Anti-serum. — Animals inoculated first with dead, and 

* An?i. de VInst. Pasteur , x , 1896, p. 257. 
f Ibid., xx , 1906 
i Lancet , 1906, vol. ii., p. 494. 
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subsequently with living, cultures yield an immune serum 
which, is actively agglutinating and experimentally is pro- 
tective against, and curative for, infection with, the living 
vibrio, but is useless for the treatment of the disease. 

By growing the cholera vibrio in a shallow layer with free 
access of oxygen in a peptone-gelatin-salt medium, Metcli- 
nikoff and his co-workers obtained a toxic fluid after three or 
four days’ growth. After filtration, 0*25 c.c. killed a 300-grm. 
gumea-pig in eighteen hours. Goats, inoculated vuth increasing 
closes of this toxin, commencing with 10 c.c. and reaching 
200 c.c in six months, become immunised and yield an anti- 
toxic serum, 1 c.c. of which will neutralise four times the 
lethal dose of toxin. Metchmkoff had previously found that 
young suckling rabbits suffer from an intestinal cholera when 
fed with cultures, so that the effect of the cholera antitoxin 
in preventing intestinal cholera could be tested on these 
animals. Experiment showed that of the treated rabbits, 
51 per cent, survived, of the untreated only 19 per cent. 
Salimbeni employed a serum prepared in this manner in the 
treatment of cases of cholera in the Russian epidemic, 1910. 

Macfadven immunised a goat with cholera-cell juice, and 
obtained a serum of which Mrn c - c - protected a gumea-pig 
against three lethal doses of cholera culture. The author pre- 
pared an anti-endotoxic serum in this manner, with which a 
few cases of cholera were treated in Russia.* 

Vaccine.- — Eerran in 1885 was the first to prepare and use a 
vaccine for immunisation against cholera. His vaccine con- 
sisted of a broth culture made from cholera stools and was a 
mixed culture. 

Haffkine afterwards prepared a vaccine against cholera 
which has been extensively used. In the Haffkine method 
two vaccines are made use of. The first or weak vaccine is 
prepared from, cultures of the cholera vibrio attenuated by 
growing on the surface of agar, with free aeration for several 
generations. The second or strong vaccine is prepared by 
enhancing the virulence of a cholera culture by a succession of 
passages through the peritoneal cavity of g uin ea-pigs. The 
virulence of this culture must be maintained in the same 
manner. 

For making both vaccines, standard 55 agar cultures are 
employed. These are tubes in which the sloping surface of 
agar measures 15 cm. in length, and the cultures are incubated 


JUsnedt, 1910 , voL ii., p. 1212. 
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for twenty-four hours. The whole growth in such a tube is 
emulsified in 8 c.c. of broth or salt solution ; the dose of this 
is 1 c.c.. and the living vaccines are injected into the flank, the 
second or strong being given seven to ten days after the first 
or weak. Haffkine * * * § m a later study on cholera inoculation 
suggests the use of the strong vaccine devitalised." 5 The 
devitalised vaccine may be prepared by two methods, (a) pro- 
longed cultivation in broth and treatment of the culture with 
heat and carbolic acid, ( b ) cultivation on agar and treatment 
with carbolic acid. 

Besredka f prepared a vaccine by making a mixture of 
cholera culture and cholera -immune serum, allowing this to 
stand for twelve hours, heating to 56° C. for one hour, and 
then injecting subcutaneously. 

Strong J prepared a vaccine from autolysed cultures. The 
cholera vibrio is grown on surface agar for twenty-four hours 
at 37° C. ; the growth is then washed off with sterile water, 
the suspension is kept at 60° C. for twenty-four hours, and then 
at 37° G. for two to five days, and is finally filtered through a 
porcelain filter. 

Fox § concluded from an experimental study that a heated 
vaccine without phenol is the most efficient and that next in 
order come (a) living culture. ( b ) a modification of Strong's 
vaccine, (c) a sensitised vaccine. Casteilam introduced the 
use of a polyvalent vaccine containing typhoid, paratyphoid 
A and B, and cholera. 

The most extensive statistics of the value of anti-cholera 
inoculation are those of the Balkan War, 1913-14. Of 114.803 
men 8,968 were not inoculated, and the incidence of cholera 
among them was 93 cases per 1.000 ; 14,613 were inoculated 
once, and the incidence was 4 “2 per 1,000 . 91,224 were inocu- 
lated twice, and the incidence was 7 per 1,000. The case- 
mortality was among the uninoculated 27*5 per cent., among 
the once-inoculated 12*2 per cent-., among the twice-inoculated 
10*2 per cent. 

Clinical Diagnosis. 

(1) Prepare films from the stool and stain with dilute carbol 
fuclisin. If on examination large numbers of curved rods lying 
in groups parallel to one another are observed, the diagnosis of 
Asiatic cholera may be made with some degree of certainty. 

* Preventive Inoculation against Cholera (W. Thacker & Co., 1913). 

t Ann. de Vlnst . Pasteur , 1902, p. 918. 

J Bureau of Gov. Laboratories , Manila, Bull, Ho. 16, 1914 (Bibliog.). 

§ Indian Jo urn. Med. Research, vol. iv., Ho. 2, 1916, p. 335. 
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l single, or a few, vibriob are of no diagnostic significance ; they 
may occur in normal and diarrhceic stools. The presence of 
mi in hers of vibrios having the “ fish-in-stream ” arrangement is 
also not absolutely characteristic.) 

(2) (a) Inoculate about 40 e.e. of Dunham’s peptone water — 
contained m a small Erlenmeyer flask — with 1 to 2 c.c*. of the 
stool. Incubate at 37 c C. 

(b) After six hours’ incubation make films and hanging-drop 
preparations and, if necessary, inoculate a second flask of peptone 
water from the surface fluid of flask Xo. 1. Incubate for eight 
to twelve hours. 

O) At the end of incubation period, from the surface of the 
fluid make films and hanging-drop preparations, and plate out 
a loopful on Endo- or Conra di-agar medium, preferably rather 
alkaline. Incubate the irlates until growth can be distinctly 
seen— usually eight to twelve hours. Search for and examine 
suspicious colonies. If vibrios be found, test for agglutination by 
taking up a trace of the colony on a straight platinum needle and 
mix with a drop of a 1 200 dilution of cholera serum of high titre 
(1 in 3-10 OOU). If agglutination be positive the remainder of the 
colony is picked oil* the plate and transferred to an agar or peptone 
water tube for further growth and examination if necessary.* 

A more selective medium for plating is Dieudonne's blood 
alkali agar. Equal parts of defibrinated ox-blood and normal 
caustic potash solution are mixed and steamed for half an hour. Of 
this 30 c.c. are mixed with 70 c.c. of 3 per cent, peptone-agar 
(neutral to litmus), xueviously melted. Plates are poured and kept 
at (A for half an hour, and are then allowed to stand for forty - 
eight hours for ammonia to evaporate. On this medium few 
organisms except the cholera vibrio develop (but cholera-like 
vibrios develop equally well). 

Tin* Daeudoime medium requires fresh blood, but Lientz devised 
a dry powder for its reparation. The blood -potash mixture of 
the Dieudonne medium after steaming is evaporated to dryness 
i i vaeuo over sulphuric acid at 37° C. and powdered. For use 
3 grin, of the x>°tvder are dissolved in 30 c.c. of distilled water 
and the solution is mixed with 70 c.c. of melted neutral agar as 
aho\e, and plates are poured and are ready for immediate use. 

(3) For dealing with numbers of specimens, the following 
method may be employed t : — - 

{«j Put a platinum loopful of fieces into a test tube containing 
3 e.e. of ordinary 1 per cent, pexitone -water (slightly alkaline to 

Mtiiiiijfl. — -Incubate lor eighteen hours. 

* The author is indebted to Mr. Edwin Burgess, of the Bacteriological 

iiMiitate, Colombo, for the foregoing technique. 

f Arthur Barries, Jawrn* M&g. Army Med » Cor^s, 1020, October. 
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(h) From each of the resulting cultures, pipette one drop of the 
peptone water growth on to one of the divisions of a G-arrow 
agglutmometer slab. (Twenty-four specimens can he conveniently 
examined on one slab.) To each of these drops is added a drop of 
Lister Institute cholera agglutinating serum (1/80 dilution). 

The slab is then rotated for three minutes (at the rate of one 
revolution per second j so as to bring the drops of culture and 
agglutinating serum into intimate contact. 

At the end of this period, the slab is removed and examined in 
a suitable light, when it will be found that cultures containing 
cholera vibrios give well-marked agglutination clumps obvious to 
the naked eye. 

The positive cultures are kept for further investigation, the 
negative being discarded. 

(c) All the positive cultures are assembled, also bottles con- 
taining agglutinating serum in dilutions of 1/320 and 1 640. 

Pipette on to the (Harrow agglutinating slab one drop of the 
1/320 dilution of cholera agglutinating serum ; one drop of the 
1/040 dilution of cholera agglutinating serum , one drop of normal 
saline, for a control. 

To each of these drops, add an equal drop of the culture under 
examination. Rotate the slab for three minutes, remove arid 
examine Cultures containing vibrios give well-marked agglu- 
tination clumps, obvious on naked-eye examination, i.e ., the 
peptone culture contains cholera vibrios agglutinated by the 
specific agglutinating scrum m a dilution of 1/1,280. 

(cl) These positive cultures can be further investigated by 
plating them out on any suitable medium (see above). Suitable 
colonies are selected for subculture and subsequently tor bio- 
chemical reactions. 

Kodama * devised a selective medium for the cholera vibrio 
which, consists of a neutral litmus agar with tuclisin decolourised 
with sodium sulphite and an addition of sterilised alkaline ox- 
serum and potato starch. The enteric group o± organisms and 
others form on this white colonies, the choleia and other vibrios 
red ones, owing to fermentation of the starch. 

(4) If the disease lias lasted some days, the agglutination reac- 
tion may be applied, testing the patient's serum on a known strain 
of cholera vibrio. (For method of isolation from infected water, 
see Chapter XXII.) 

Vibrio metchnikovi. 

Isolated by Clamaleia from the intestinal contents of chickens 
dead of an infectious gastro-enteritis which occurred in certain 
parts of Russia. The disease, although resembling chicken - 


* Centr. f. Bakterol Ong. Abt. I., vol Ixxxviii., 1922, p 433 
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cholera in some respects, is quite distinct from the latter. This 
vibrio forms curved rods and spiral filaments, generally slightly 
shorter, thicker and more curved than the Koch vibrio. It is 
drain -negative, and is best stained with weak carbol-fuehsin. It 
is readily cultivated, and is aerobic and facultatively anaerobic. 
In gelatin plates it forms small whitish colonies, visible within 
twenty hours, which grow more rapidly than the cholera vibrio, 
and in two or three days produce marked areas of liquefaction. 
In a stab -culture in gelatin a whitish granular growth occurs along 
the line of puncture with liquefaction, much like that of the Koch 
vibrio, but the rate of growth and the liquefaction are more rapid 
(Plate XXIII., e). On surface agar a thick cream-coloured layer 
develops ; on x>otato the growth is brownish, and milk is coagu- 
lated. It grows freely in broth and peptone -water, the fluid 
becoming uniformly turbid, and a slight film forms on the surface, 
and these cultures give a marked indole reaction on the addition 
of sulphuric acid alone, in this respect resembling the Koch 
vibrio. The Y. m^ichnikori is pathogenic to chickens, pigeons and 
guinea-pigs, but not to rabbits or mice except in large doses. It 
is, however, more pathogenic to guinea-pigs than the cholera 
vibrio. Pigeons are killed by intra -muscular inoculation, and 
fowls are susceptible to feeding, whereas the cholera vibrio is not 
pathogenic to fowls by feeding. It is not agglutinated with 
cholera -immune serum, and is lnemolytic. Abbott isolated a 
pathogenic vibrio from the Schuylkill Kiver, Philadelphia, 
which resembled the Y. metcJiniJcovi closely, and is probably 
identical with it. 

Vibrio fix klepj of Fixkxer and Prior. 

Isolated from the stools in certain cases of cholera nostras. It 
occurs as short, tliickisli, curved or straight rods, and sometimes 
as spiral filaments. It is aerobic and facultatively anaerobic, does 
not form spores, and is G-ram- negative. In a gelatin stab -culture 
a yellowish growth forms with rapid liquefaction (Plate XXIII., d). 
On agar a thick, slightly brownish, moist layer develops. Serum 
is rapidly liquefied. On potato a slimy brownish growth occurs 
even at room temperature. It grows in broth and peptone -water, 
producing a general turbidity. It does not as a rule give the indole 
reaction with sulphuric acid alone, but the ordinary laboratory 
cultures after three to four days' growth occasionally give a slight 
reaction. It is stated to be pathogenic, to guinea-pigs by Intra- 
peritmieal inoculation. 

Deneke's Vibrio. 

Obtained by JDeneke from old cheese, and sometimes termed 
tfpifUlnm tifrogenum,* It forms curved rods and spiral filaments 
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somewhat closely resembling the Koch vibrio. It grows well on 
the ordinary culture media at room temperature, but development 
is usually slight or absent at 37° C. In a gelatin stab-culture a 
yellowish growth occurs with liquefaction, which is much more 
rapid than that of tbe Koch vibrio, but less so than that of the 
F inkler-Prior vibrio. On agar a thinnish, brownish, somewhat 
membranous and coherent layer slowly develops at room tempera- 
ture. On potato a yellowish growth occurs. It is stated to he 
slightly pathogenic to guinea-pigs by intra-perit oneal inoculation. 

Vibrios are common in the mouth, and may be met with m the 
discharge of septic ulcers. 



CHAPTER XV. 


STREPTf JTHRIX INFECTIONS — ACTINOMYCOSIS — MYCETOMA 
— UEPTOTHRIX BUCCALIS — CLADOTHRIX DICHOTOMA 

— MYCOSIS TONSILLARIS. 

Streptotiirix Infections (Streptothricosis). 

The terms Strejitothnor, Leptothrix and Cladothnx have been 
loosely used to denote an organism forming long nnsegmented 
filaments ; m the two former the filaments show false branching, 
in the latter the filaments show true, but not dichotomous, 
branching. Some of them may be filament -forming Schizo- 
mycetes, hut the majority are probably true Fungi. 

A number of pathological conditions is caused by this class of 
organism. These conditions are infective granulomata and they 
may be included in a group entitled Mycetoma , of which the 
billowing definition may be given * : " The term Mycetoma in- 

cludes all growths and granulations producing enlargement, 
deformity and destruction in any part of the body of man or 
animals, brought about by the invasion of the affected area by 
certain species of Fungi, belonging to different genera, which 
give rise to variously shaped and coloured bodies known as grains, 
which are either embedded in the granuloma or are found m the 
discharge from the affected area. The grain is composed of 
hyp hie Ip. 436), and sometimes of chlamydo spores (p. 438) 

embedded in a matrix, which on germination give rise to mycelial 
filaments." (The grains " must be distinguished from sclerotia. 
A *■" selerotium " is a hard body formed by a dense lignified mass 
of liyplne. as in ergot.) The Mycetomas may be divided into two 
classes : 

A. The Actinomycoses, m which the grains are composed of fine 
non -segmented mycelial filaments, the walls of which are usually 
not clearly defined from the contents, and without elilamydospores. 

B. The M ad u / a m y coses* in which the grains are composed of 
large segmented mycelial filaments, £i°ssessing well-defined walls 
and, usually, elilamydospores. 


* feee ( 'ha lmer> and Archibald and Chalmers and O h rist o pli erson , Ann. 
Tfup. Med, and Parasitology* vol. x., No. 2, 1916, pp. 169 and 223 (Bibliog.) ; 
MiMgrave, Clegg and Polk. Philippine Journ . of Science , vol. in., 1908, 
P* d47 ; Foalerton. Lance- f, 1910, vul. !., pp. 551 et seq, ; Pinoy, Pull, de 
flnsL PmMeur, vol. xi., 1913, pp. 929, 977 ; l^rskov. Investigations into the 
Morphology of the Mmy Fungi {Copenhagen : Levin and Munksgaard, 1923). 
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As types of the Actinomycoses we have Actinomycosis of man 
and animals and the classical white variety of Madura disease, 
while the classical "black form of Madura disease is a type of the 
J La d u ramy coses. 

The Actinomycoses are caused by organisms belonging to the 
Fungi Imperfecti (p. 437), Sub-class Hyphales ( Vuillemin, 1910), 
Order Micro siphonales (Vuillemin, 1912), in which the mycelium 
is composed of fine bacilliform hyphse, usually one micron or 
less in diameter, with a thickened hyphal wall and septa. This 
contains at present only two genera, which are distinguished as 
follows : 

A. F ocardia, grows aerobically and produces arthrospores (De 
Toni and Trevisan, 1889). 

B. Cohnistreptothrix, grows best anaerobically, usually difficult 
to cultivate and does not produce arthrospores (Pmoy, 1911). 

The Maduramycoses may be classified according to the colour 
of their granules into (1) the Black Maduramycoses and (2) the 
White Maduramycoses. They are caused by a variety of fungi. 

The student is advised to read the introduction to Chapter AY II. 
on the Hyphomycetes {p. 436) before reading this chapter . 


Actinomycoses. 

Actinomycosis of cattle (Actinomycosis bovis) has long been 
known, but its exact pathology was involved in doubt until 
the researches of Bollinger in 1876. It forms tumours chiefly 
affecting the tongue, jaw, face, and throat, and was described 
under such varied names as wen, scrofula, scirrhus, osteo- 
sarcoma, cancer, wooden tongue, etc. The tumours after a 
time break down and discharge, the tongue often protrudes 
from the mouth, the saliva drips, and the animal becomes 
much emaciated. 

On cutting into a <e wooden tongue,” or wen, a grating 
sensation is felt, such as that experienced in cutting a turnip 
or unripe pear ; on examining the section little rounded, 
yellowish, frequently almost caseating, areas will be noticed, 
resembling old tubercles. In sections examined with a low 
power, these rounded areas are found to he composed of masses 
of small round cells, with occasionally giant-cells, surrounded 
by a capsule of fibrous tissue. The growth may be so soft as 
to be practically purulent, and abscesses varying in size from 
a pin’s head to that of an orange may be present in the affected 
areas. Like tubercles, the growths may become caseous, 
calcified, or fibrous. In the growth or in the pus from abscesses, 
when examined fresh with a low power, yellowish or yellowish- 

M.B. 27 
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white* granules will be found here and there, which may be 
very minute, or as large as a small pin’s head, are somewhat 
soft in consistence, and on slight pressure flatten out. Exam- 
ined with a higher power, these granules are found to contain 
round, ovoid, or reniform bodies which have a rosette-like 
outline — a more or less structureless centre with club-shaped 

bodies radially arranged around the 
periphery (Plate XXIV., a). These 
peculiar structures are the cause 
of the disease, and are the form 
assumed in the tissues by an 
organism known as the “ ray fun- 
gus,” Nocardia bovis {Actinomyces, 
Street otk rix or Oospora, bovis). 

Sections of the diseased tissues 
stained by Gram’s method with 
eosin show the structure of the 
organism still better. Areas of 
round-celled granuloma are gene- 
rally enclosed in a well-developed 
fibrous capsule, and one or more 
reniform, ovoid or irregular bodies 
are present in the central portion 
of the mass. Well-marked club- 
shaped structures are radially 
arranged around the periphery of 
the bodies ; these usually stain 
deeply with the gentian violet, 
while the central portion of the 
body is unstained and structureless, 
or contains granular matter or cal- 
careous particles. Various appear- 
ances may be met with in different 
Fig. 46. — Actinomyces, parts of the section, according as 
Agar culture, ten days the actinomycotic nodule is cut 

through its centre or periphery ; 
when the latter is the case, the clubs are shown in transverse 
section and appear as closely packed, deeply stained dots. 
Sometimes, however, in addition to the clubs, the centre of 
the rosette is occupied by numerous interlacing filaments, also 
stained by the gentian violet. 

Nocardia bovis grows well aerobically at 22° C., but better 
at 37° C. Anaerobic growths are, as a rule, but poorly 

developed. 
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It may form a dry pellicle on the surface of broth, but more 
usually gives rise to cohering colonies at the bottom of the tube ; 
in either case the medium remains clear. 

It grows slowly on gelatin, producing a yellowish-white 
growth and slow liquefaction, beginning about the seventh 
day. The resulting fluid may or may not be dark-coloured. 
On blood serum it produces poor growths, and no liquefaction 
or pigmentation of the medium. 

On agar and glycerin agar it forms hard spherical white 
colonies, which give rise to a nodular crateriform growth, 
having a yellowish or greyish tint (Fig. 46), which m time 
becomes a lichenoid ashen grey or yellowish mass with a 
pow r dery efflorescence. Microscopically the growth consists 
of masses of filaments, the ends of winch may be somewhat 
clubbed and segmented, but which never show’ rosette arrange- 
ment of clubs such as occurs in the tissues (Plate XXV., a). On 
maltose agar it forms discrete fawn-coloured colonies, later 
becoming yellow, dark brown or even black, while the medium 
may be slightly darkened. 

On potato it forms hard, raised, variously coloured nodular 
masses, at first white but becoming greenish -yellow’, brown, 
greyish-black or even black, with more ox less erosion and 
pigmentation of the medium to which the growth is very 
adherent. No diastatic action has been observed. Litmus 
milk is first reddened, but later it becomes a clear brown 
alkaline liquid. 

Nocardia bovis infects cattle, swine, horses and occasionally 
man, while experimentally rabbits and guinea-pigs have been 
infected by intrap eritoneal inoculation. Much calcification 
sometimes occurs in the nodules, particularly in swine. The 
mode of infection is uncertain, but it is generally believed that 
the organism occurs on grasses or grain and gains access to the 
tissues through some abrasion. 

“ Farcin des boeufs,” a disease of cattle occurring in Gua- 
deloupe, and characterised by infection first of the skin and 
afterwards of the lymphatic glands and viscera, is caused by 
Nocardia farcinica. The organism is a strict aerobe, forms 
yellowish- white grains and is without a sheath. 

In Argentina, Lignieres and Spitz described a form of actino- 
mycosis of cattle caused by a Gram-negative bacillus-like 
organism, the A clinobacilliis . Griffith * has shown that this 
condition is frequent in cattle in this country. The organism 


* Journ. of Hygiene, vol. xv. , 1916, p. 195. 
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grows well aerobically and anaerobically on various media, 
does not liquefy gelatin or serum, and is pathogenic for many 
animals. One case of human infection with this organism has 
been described in Argentina. The organism was obtained 
from the cerebro-spinal fluid and on glucose peptone formed 
clubs, and this being so, its name becomes Nocardia lignieresi. 

Actinomycosis in man ( Actinomycosis hominis) is usually 
associated with suppuration, may be mistaken for tuberculosis, 
and may occur in almost any part of the body — jaw, lungs, 
liver, intestine, skin and pelvic organs. If a little of the pus 
be examined it will probably contain tiny yellowish or sulphur- 
yellow granules, which, microscopically, are found to consist 
of tufts of fine tangled filaments, the ends of which may be 
continued into little swellings or clubs. In teased-up speci- 
mens, or in sections stained by Gram’s method, an appearance 
is observed very different from that of the bovine variety, viz., 
tufts of interlacing filaments stained by the gentian violet, but 
a complete absence of purple clubs (Plate XXIV., b ). Clubs, 
however, are frequently present around the periphery of the 
filamentous tufts in a stunted condition, although they do not 
usually stain by Gram’s method. These clubs are often seen 
better in fresh specimens of the pus or in unstained sections, 
or by staining with orange-rubin, or the Ehrlich -Biondi 
reagent. The conditions in cattle and man, at first sight so 
very different, are thus seen to present some similarity, which 
is further established by the occasional occurrence in cattle of 
filamentous tufts, staining by Gram’s method, within the 
rosettes, and by the clubs in man now and then taking on the 
Gram stain. 

Actinomycosis in man in Europe is commonly caused by the 
Coh nistrevtoth rix israeli, occasionally by Nocardia bovis . 
C. israeli is composed of short and long rods, some of which 
show club -like swellings, while in old cultures spores which 
resemble cocci in appearance can be seen. It grows but poorly 
in the presence of air, but much better anaerobically at 37° C. 
On agar it forms dew-like drops, which later become yellowish 
and generally remain discrete. In broth it forms a deposit of 
small scaly particles. It does not grow on gelatin at room 
temperature, but egg cultures show typical branched filaments 
with clubbed ends, which later break up into bacillary and 
coccal forms, but true arthrospores (i.e., resistant spores) are 
not produced. It forms granulation tumours when inoculated 
rntraperitoneally into rabbits and guinea-pigs, after an interval 
erf four to seven weeks. In these tumours typical actinomycotic 
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grains can be found, containing branched filaments with clavate 
ends. The source of infection of man is not known with 
certainty, though it is commonly supposed to be derived from 
vegetable products, and cases have been reported in which the 
disease has occurred after eating grains of barley, etc, 

Colebrook * directs attention to the frequent presence in 
the actinomycotic granules of numbers of minute Gram- 
negative cocco-bacilli, which are capable of cultivation (H. 
actinomycetum comitans). No satisfactory explanation of this 
association has been given. Tuberculin may cause a reaction 
in actinomycosis, similar to that which occurs in tuberculosis, 
and as actinomycosis frequently simulates tuberculosis 
clinically, mistakes may be made, and can be avoided only by 
a microscopical examination. It is of practical importance to 
distinguish actinomycosis from tuberculosis, for in some cases 
of the former, both in man and in animals, potassium iodide 
exerts a specific curative action. Vaccine treatment has been 
employed with a certain amount of success. 

Other forms of Actinomycosis occasionally occur in man. 
Eppinger obtained an organism, N . - aster oides ( Streptotkrix 
eppingeri ), from a case of pseudo-tuberculosis of the lungs and 
glands with cerebral abscess. The fungus was Gram-positive 
and acid-, but not alcohol-, fast, grew well aerobically on 
laboratory media and was pathogenic for laboratory animals. 
The growths are yellowish-orange to brick-red. It has been 
met with elsewhere, and in a case of white Madura disease in 
the Philippines (p. 424). The classical white variety of Madura 
disease in India is an Actinomycosis (p. 423). Birt and Leish- 
man isolated an acid-fast organism, N. leishmani , pathogenic 
to man and animals. Various saprophytic forms of Nocardia, 
some of them chromogenic, occur in air, soil, and water, and 
may gain access to sputum, etc. 

Clinical Examination. 

(1) Pour out the pus or discharge into a large capsule or Petri 
dish so that it forms a thin layer, look for any yellowish or other 
granules, pick them out with a needle, and place on a clean slide 
in a drop of 50 per cent, glycerin. If no granules can be found, a 
little of the discharge may be spread on a slide with a drop of 
50 per cent, glycerin. Cover with a cover-glass, and apply a 
little pressure. Examine with a % in. objective. If any actino- 
mycotic tufts are present they will he seen as yellowish or pale 
brownish, spheroidal, ovoid, or reniform masses, and with a higher 


* Brit. Joum . JSxper. Pathol vol. i., 1920, p. 197, 
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power will be found to consist of tufts of filaments with, perhaps, 
stunted clubs (in the bovine form rosettes of clubs will be seen). 

(2) Stain films of the discharge by dram’s method, with eosin. 
The actinomycotic tufts will generally be found to consist of little 
masses of tangled filaments stained violet, and surrounded by a 
pink zone which has an indistinct radiating structure. 

X.B. — In most instances the clubs m Actinomycosis hommis do 
not stain by Gram's method. 

(3) Cultures may sometimes be obtained by inoculation into 
blood- or serum-broth and incubating anaerobically under oil. 
For this purpose a granule should be picked out and washed in 
several changes of sterile water. 

(4) Sections of actinomycotic tissue are best prepared by the 
paraffin method. They may be stained by any of the following 
ways : 

(a) By Gram’s method, with eosin or orange-rub in. 

(b) With the Ehrlich -Biondi triple stain. Stain for from half 
an hour to two hours. Place in methylated spirit until the 
sections appear greenish, then pass through absolute alcohol and 
xylol. The clubs are stained yellowish -brown, and are sometimes 
shown in human cases when unstained by Gram’s method. 

(c) By Plant’s method. Stain in warm carbol-fuehsin for ten 
inmutes, rinse well in water, stain in a saturated solution of picric 
acid in methylated spirit for five to ten minutes, rinse well m 
water, place in 50 per cent, alcohol for ten minutes, pass through 
absolute alcohol and xylol. 

(d) Good preparations may be obtained by staining in Ehrlich’s 
heematoxylm and counter-staining with orange -rubin. This may 
also show the clubs when they are unstained by Gram’s method. 

Madtjra Disease. 

Madura disease, otherwise known as m a dura foot, mycetoma, or 
the “ fungus disease of India,” is a chronic local affection generally 
attacking the. foot, occasionally the hand, sometimes extending up 
the leg, but rarely to the trunk. The disease was originally 
described in India, where it is fairly common in certain districts, 
but similar affections (due to a variety of organisms) are met 
with in other parts of Asia, in Europe, Africa and America. A 

madura ” foot appears enlarged, and numerous sinuses -with 
raised mammillated apertures open on the surface (Fig- 47). On 
making a section into the diseased tissues the hones are more or 
less carious, while the soft structures are tough and hypertrophied 
from the occurrence of chronic inflammatory changes. Numerous 
small cavities are present, sometimes filled by yellowish granules 
resembling fish-roe, and hence termed. “ roe-like particles,” at 
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others containing black particles of irregular shape, coal-like 
consistence, and variable size, exceptionally as large as a marble 
or walnut. The presence of the white or black granules, which 
may be discharged from the sinuses before mentioned, divides the 
disease into two classes — the so-called white and black varieties. 
Lewis and Cunningham also described a third variety, in which 
the granules are red like cayenne pepx>er. 

Vandyke Carter * first called attention to the similarity between 
the white variety and actinomycosis in their microscopical 
characters. In sections stained by Oram’s method more or less 
crescentic or reniform bodies are noticeable, divided into wedge - 
shaped areas, which contain masses of fine filaments stained 
purple. Surrounding the crescentic bodies is a zone of radially 
arranged elements, many of which are fan-shaped owing to 



Tig. 47. — -A foot affected with madura disease. (White variety.) 

branching ; they are indistinct, as they do not stain with the 
gentian violet, but they are very suggestive of the club-shaped 
structures present m actinomycosis, and they resemble the 
Actinomycosis hominis, inasmuch as they do not stain by Gram’s 
method (Plate XXV., b). By staining with haematoxylin and 
orange-rnbin, or with the Ehrlich-Biondi triple stam, here and 
there in the radial zone well-defined clubs can be demonstrated. It 
seems, therefore, that the radial zone is composed of degenerate 
club-shaped structures, and the disease evidently closely resembles 
actinomycosis. 

Prom a case of the white variety Boyce f cultivated a strepto- 
thrix which differed somewhat from the human and bovine 
Actinomyces , as it grew slower, produced no dark pigment, and 

* Bombay Med. and Bhys . Soc vol. ix., 1886 (new series), p. 86 ; also 
Hewlett, Trans. Bath. Soc. Bond., vol. xlii., 1893. 

f Hygienische Rundschau, 1894, 2STo, 12, 
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on agar formed white raised colonies with radial grooves, not 
unlike the tiny barnacles found on wooden piles in the sea. Vin- 
cent * * * § also isolated a streptothrix, perhaps identical with that of 
Boyce, which differed from the Actinomyces m growing feebly in 
broth, in not liquefying gelatin, and in not being inoculable in the 
rabbit. He described it as forming on glycerin agar umbilicated 
colonies, first white and afterwards red. Shattock f suggested 
that the red, cayenne -pepper-like grams occasionally met with in 
mycetoma may be due to colonies of the strep tothrix which have 
produced their pigment. Microscopically, this organism ( Nocaidia 
inched , Streptothi ix or V. madurce , Oospora indica) is identical 
with the Actinomyces. Musgrave and Clegg in a case of the white 
variety isolated a streptothrix ( S . freeri) differing from the V. 
indica, but identical with the 8 . eppingeri ( Nocardia asteroides). 

The relation of the black to the white variety of madura disease 
was formerly disputed, some believing it to be merely a late stage 
of the white form. It is now clear that a number of different 
^etiological organisms belonging to the Fungi are responsible for 
Madura disease. 

By planting out the granules from an early case of the black 
variety, Wright succeeded m cultivating a liyphomycete J It 
formed long branching hyphse, but no spore-bearmg organs were 
produced, and inoculation experiments on animals were negative. 
It grew on potato as a dense, widely spreading, coherent, velvety 
membrane, in colour pale brown with a white periphery. Small 
drops of brown, coffee-coloured fluid appeared on the surface, and 
the potato became brown throughout. Ou agar the growth 
formed a inesh work of widely spreading greyish filaments ; m 
old cultures (also in potato infusion) black hard grannies, or 
“ selerotia / 5 were observed. In broth little balls of radiating 
filaments developed. 

According to the classification here adopted, the classical white 
variety of mycetoma (Madura disease) is au Actinomycosis ; 
while the classical black variety is a Maduramycosis. The 
common European, Asian and African forms of the latter are 
caused by Madii rella § mycetomi , which grows well aerobically at 
37° C., forming when young a greyish-white mycelium which 


* Ann. de VJnst. Pasteur , 1893. 

f Trans. Path. Soc. Loud., vol. xlix., 1898, p. 294. 

J Joum. Exp. Med., vol. iiL, 1898, p. 421. 

§ The genus Madivrella (Brnmpt) contains fungi belonging to the Fungi 
Imperfect* . They are mueedine with white thallus, living parasitically m 
animal tissues, possessing during vegetative life filaments with a diameter 
greater than 1 pu The filaments are septate and branch from time to time 
and secrete a brown substance. When old, sclerotia are formed, which may 
heroine brown, and in which rounded corpuscles 8—30 y in diameter are 
present^ These are chXaxoydospores, 
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darkens when older and stains tlie medium. The hyphse are 
2-8 fx, the spores 2—5 fx s in diameter. Black selerotia 0*5-1 *0 mm. 
in diameter may he formed in the depths of the culture medium. 
It is non -pathogenic to animals. But Madurella mycetomi is by 
no means the only organism causing Mad ur am y e o sis. Bouffard 
found an Aspergillus (A. bouffardi) in an African black Madura - 
mycosis. Pep ere in a similar condition in Sardinia, Mo nospo r i um> 
sclerotiale, Nicolle and Pinoy in Tunis, Madurella tozeuri , and 
Chalmers and Archibald in the Soudan, Glenospora kharto timensis- 
There are also white Maduramyeoses ( i.e the grains are white), 
caused by fungi, placed by Brumpt in the genus Indiella 3 e.g., 
Indiella mansoni in an Indian form, Indiella reynieri in a Grecian 
case, and Indiella somaliensis in India and Somaliland. 

It is difficult experimentally to reproduce mycetoma in animals, 
but Pmoy has succeeded in doing so with an Aspergillus, and 
Nicolle with Madurella tozeun , both m pigeons. 

Mycosis tonsillaris (Mycosis piiaryxgis ubptotiiricia). 

A chronic disease attacking young adults, resistant to treat- 
ment, and characterised by the presence of small, white, tough, 
adherent excrescences on the mucous membrane of the pharynx. 
Microscopically, the patches consist of collections of epithelial 
cells and debus , infiltrated with leptothnx filaments and bacteria. 
The disease seems to be a keratosis, infection with the organisms 
being secondary. 

But occasionally a true “ mycosis apparently occuis, readily 
amenable to treatment, and due to a leptothnx. 

Leptothrix buccalis. 

Pour somewhat similar thread forms occur in the month, viz., 
Leptothrix racemosa, X . buccalis maxima , X. innominata . and 
Bacillus maxirnus buccalis. The first is very common, forms 
large threads, shows a peculiar beaded appearance on staining 
which has been regarded as sporulation, and may be a fungus 
form. X. buccalis maxima and X. innominata differ Irorn each 
other in that the former gives a blue granulose reaction when 
treated with iodine and dilute sulphuric acid, while the latter 
does not. All these three organisms are very similar, and the 
filaments are either unsegmented, or the segments are of con- 
siderable length. The B. maxirnus buccalis is very like the X. 
buccalis maxima , but does not give the granulose reaction, and its 
segments are shorter. It is motile, flagellated, and sporing, and 
stains by Gram’s method. 

Some confusion exists respecting the thread forms of the 
mouth.* 

* See Goadby, Mycology of the Mouth , 
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Cl* A D O THRIX BICHOTOMA AND IrO N BACTERIA. 

An organism not infrequently met “with in natural waters. It 
forms long threads, straight, or sometimes slightly undulating 
or even spiral, and apparently branched, though the branching 
is not dichotomous. It can be cultivated on the ordinary labora- 
tory media at room temperature, forming on agar a brownish 
wrinkled, tough, membranous layer, very adherent, and staining 
the medium beneath it a pale brown, not unlike the Actinomyces 
in these respects. It is non -pathogenic. 

Certain organisms of this type have been termed “ iron bacteria ” 
owing to their capacity for abstracting iron from the water in 
which they live, collecting it in the form of ferric hydroxide and 
depositing it on their cell-membranes ( Leptothrix , Gallionella, 
Crenothrix, etc.). They may form rust-coloured streamers in 
water, which may be so numerous as to colour the water and 
render it offensive, as at Cheltenham in 1896. They have also 
been supposed to produce the nodular incrustations on old iron 
pipes. * 


* See Iron Bacteria , D. Ellis (Methuen & Co. ? 1919 ), 
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THE SACCHAROMYCETACE^ 

THE PATHOGENIC BLASTOMYCETES— YEASTS AND 
FERMENTATION. 

The Yeasts. 

The Saccharomycetacese or Yeasts are characterised, by a 
vegetative reproduction by budding or gemmation. If a cell of 
ordinary brewer’s yeast ( Saccharomyces cerevisice) be watched 
under conditions favourable to growth and reproduction, it will be 
found that a slight protuberance makes its appearance at one x^ole 
of the organism ; this increases in size, and ultimately a daughter- 
cell resembling the parent is reproduced and separates oif. 

The mature yeast cell is slightly ovoid m shape, measuring 
8 to 9 ft in diameter. The protoplasm is granular, contains one 
or more clear spaces or vacuoles, frequently bright, retractile 
globules of fatty matter, and is surrounded by a cell wall of 
cellulose. The main vacuole is regarded by some as the nucleus, 
and a deeply staining granule near it as the nucleolus. A chon- 
drium, consisting of two systems of mitochondria, and meta- 
chromatic granules are also present. When the yeast-cell is freely 
supplied with nutriment, reproduction by gemmation proceeds 
rapidly, and a whole string of cells may form owing to the daughter- 
cells budding again before they have separated from the parent. 
When the cell is starved, gemmation ceases, fat-globules and 
vacuoles increase m number, and the cell may finally become 
little more than a large vacuole, the protoplasm forming a thin 
coating over the inside of the cell wall. Within the vacuoles are 
often seen minute spherical bodies of a doubtful nature in rapid 
movement. In ordinary circumstances endospore formation does 
not occur, but by deprivation of nutriment, as by growing on a 
block of plaster of Paris, the cells develop spores, which are 
multiple and enclosed within a sac or ascus , and hence are known 
as ascospores . First the cell becomes divided by the development 
of membranes, the so-called partition-wall formation,” into 
several chambers in which the spores form. In the different 
yeasts the number and arrangement of the spores vary ; in the 
S. cerevisice the typical number is four, arranged close together, 
three in one plane and one resting on these, like a pyramid of 
billiard balls. 
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In some of tlie yeasts, the ordinary cells under appropriate 
conditions directly develop spores, in others there is a fusion of 
cells before sporuiation, and in a third group the first cell formed 
by germination of the spore undergoes fission , forming what is 
known as a pro -mycelium, after which the cells multiply by 
gemmation. Finally, in a fourth group the cells are yeast-like and 
form ascospores, but the cells reproduce by fission. The Saecharo- 
mycetacese may therefore be divided into : 

(1) Haccharomyces, in which there is no fusion of cells before 
sporuiation, and in which the spores germinate by ordinary 
budding. 

(2) Zygosaeeharomyces, in which some of the cells form beak- 
like processes. When the processes of adjacent cells touch, they 
fuse, and a union is established between the cells, one or both of 
which produce ascospores. 

(3) Saccharomycoides, in which the spores germinate by means 
of a pro -mycelium. 

(4) Sehizosaccharomyces, in which the cells are yeast-like hut 
multiply by fission. The fission of the cell, often accompanied by 
conjugation, is preceded by the formation of a septum, which 
divides into two lamellae. 

Besides the true yeasts, there are a number of budding forms 
known which do not spore. These have been termed tc Torulae 55 
(any yeast -like cell is frequently called a cc torula ”). Some form 
films on saccharine liquids and are known as Mycoderma. All 
these forms are classed by the botanist among the Fungi Imper- 
fecti (p. 434). 

In addition to reproduction by gemmation, the Saccharomyce- 
taeese are also distinguished in general from the Bacteria by their 
larger size, by having a cellulose cell-wall, and in those forms in 
which endospores occur by the spores being multiple and not 
single in each cell. From the Hyphomycetes, or moulds, the 
Sac char omy cetae ese are distinguished by being unicellular, and 
by the absence of spore-bearing organs. The Saceharomycetacese, 
however, are probably much more nearly allied to the Hypho- 
mycetes than are the Bacteria, for many of the moulds have a stage 
in which the mycelium (see next chapter) resembles an aggregation 
of yeast-cells, and the yeasts in old cultures form films in which 
the cells become much elongated, like those in the mycelium of a 
mould. 


PathogessTic Yeasts astd Blastomycosis.* 

Organisms apparently belonging to the Saceharomycetacese 
and termed Blastomycetes have been isolated from certain 

* Cvunfc and Myers, Jomrm. of Injections Diseases, vol. iv., 1907 , p. 187 . 
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tumours, and have been regarded as having an aetiological 
significance in connection with malignant disease. Sanfelice 
cultivated yeast forms from fermenting fruits, which, on 
Inoculation into guinea-pigs, produced death in about a month 
with the formation of a tumour at the site of inoculation and 
embolic growths in the spleen and liver. He also obtained a 
similar yeast from an ox affected with carcinoma, which on 
subcutaneous inoculation killed guinea-pigs in about two 
months, and inoculated into the peritoneum in a month, with 
multiple embolic growths in the lungs, spleen and mesenteric 
glands. A good deal of calcification was present In the growths, 
from which fact Sanfelice named this yeast Sa cch a rom gees 
litogenes . Habino witch and also Foulerton * have found that 
some of the ordinary yeasts give rise to tumour formation on 
inoculation, especially in the rabbit. These tumours produced 
by yeasts are probably granulomata and not true malignant 
tumours. 

Curtis f obtained a yeast from an apparently myxomatous 
tumour in a young man. The organism was met with in two 
forms — free and encapsuled. The free form appeared in young 
agar cultures as round or ovoid cells measuring 3 to 6 g in 
diameter, often showing budding. The encapsuled form was 
met with in the original tumour and m the tissues of inoculated 
animals, and occurred as a large sphere 16 to 20 /x in diameter, 
enclosing the yeast cell, the capsule being hyaline and 4 to 6 p, 
in thickness. On agar at 37° C. the organism formed whitish, 
opaque, creamy colonies m two to three days, becoming a 
thick creamy growth at the end of a week, on gelatin white 
colonies or growth in four to five days without liquefaction, 
and in broth a fiocculent deposit, the broth remaining clear. 
It was aerobic, did not grow on serum and formed a small 
quantity of acetic acid and alcohol when grown in beer-wort 
and sugar solutions. It was not pathogenic for guinea-pigs, 
hut inoculated into rabbits, rats, mice, and dogs it produced 
tumours and caused death. The tumours to the naked eye 
appeared to be myxo-sarcomata, and In them the yeasts were 
found. 

Busse also obtained a pathogenic yeast from a young 
woman who suffered from a tumour of the tibia, and ultimately 
died with diffused growths in the hones and organs. The yeast- 
like cells were observed in the affected parts, and were isolated 
by cultivation, and the cultures, inoculated into mice and 

* Journ. Path, and Bad., vol. vi., 1899, p. 37. 

t Ann. de VInst. Pasteur, x., 1896, p. 449 (Refs.). 
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rabbits, produced death with growths in the organs. As in 
Curtis’s case, the cells in the tissues appeared to be encapsuled. 

Gilchrist described a case of blastomycetic dermatitis. 
Small miliary abscesses were present in the rete and corium, 
in the pus of which the parasitic cells were observed. These 
were usually in pairs of unequal size, the largest measuring 
about 16 p, surrounded by a well-defined capsule, and con- 
taining a granular protoplasm in which a vacuole was present. 
Clinically, the case had been regarded as one of scrofuloderma, 
but no tubercle bacilli could be found. 

Numerous cases of blastomycetic dermatitis have now been 
recognised, and several instances of general systemic blasto- 
mycetic infection have been recorded. 

"Granulomatous tumours occurring in epidemics among 
horses in Japan, France, and Italy are also caused by Blasto- 
mycetes. 

Stoddard and Cutler * have critically examined the condition 
known as Blastomycosis. Tliey consider that this is caused by 
three classes of organisms, viz., O'idia , Torulce, and Coceidioides . 
The last named (not to be confounded with Coccidiwm ) is an 
aseomycetous fungus, C. immitis - They give the following, 
among others, as points of distinction between the three : — 
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Ruin gsporidio sis. 

A disease occurring in India, Ceylon and Argentina and causing 
polypoid growths in the nose and tumours of the cheek, con- 
junctiva, lachrymal sac and uvula. 

m Studies from ike Rockefeller Institute (Reprints), vol. xxv., 1916, p. 1. 
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The parasite was formerly regarded as a protozoon allied to 
occidzum . Ashworth * has shown, however, that it is probably 
a yeast or phyeomycete { Fhinospori dium seeberi [formerly M, 
l tnealyi]). It occurs as a spherical or ovoid eneapsuled cell with 
vacuolated cytoplasm aud vesicular nucleus containing a karyo- 
some. In its youngest stage it is about 6 ^ in diameter, and lies 
among the connective -tissue cells. Growth takes place and ulti- 
mately a cyst or sporangium is formed, 0*25 mm. in diameter, 
containing many of these bodies, formed by division, and also 
numbers of spores derived from them. The fully formed spor- 
angium finally ruptures and discharges the spores which spread 
in the connective tissues by the lymphatics and reproduce the 
original bodies. Some multiplication of the spores takes place on 
maltose agar. 

Clinic ae Examination (Pathogenic Yeasts, etc.). 

The cells can he well seen in the fresh state in the teased-up 
tissues mounted in water or glycerin. 

Curtis recommends staining in carbol-thionme blue, and for 
sections, picro-carmme. 

Basse’s method for sections is as follows : — 

(1) Haematoxylin solution for fifteen minutes. 

(2) Wash in distilled water. 

(3) Counter-stain in weak carbol-fuchsin (1 : 20) for thirty 
minutes to twenty-four hours. 

(4) Decolourise in 95 per cent, alcohol for fifteen seconds to one 
minute. 

(5) Absolute alcohol, xylol, mount in Canada balsam. 

Gilchrist recommends treating the sections with 10 per cent. 

caustic potash solution and examining in 50 per cent, glycerin 
without staining. 

Brayton recommends that small pieces of the tissues should be 
excised from the growing margin, treated with ether for two to 
five minutes, macerated in 20 to 30 per cent, caustic potash 
solution for five to ten minutes, and then examined without 
staining. Cultures may be readily obtained, with a little care, 
preferably on beer-wort gelatin or maltose agar. 

Fermentation. 

The yeasts are of great importance in inducing many chemical 
changes, especially alcoholic fermentation, beer and wine being 
almost exclusively due to their activity. 

The industrial yeasts appear to he entirely asexual and belong 
to the Saccharomyces. 


* Proc. Roy. Soc. Ed., 1923. 
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The spores are of considerable importance in the identification 
of species of Saccharorayces, as the form of the cells alone and the 
growths on culture media are not sufficiently distinctive. In fact 
so little can these two characters be relied upon that in order to 
isolate in pure cultivation it is necessary to grow from a single 
cell. This can be done by making a miniature plate cultivation 
with wort -gelatin on a large sterilised cover-glass, and, after the 
layer of gelatin has set, mounting, gelatin downwards, on a large 
cell on a glass slide. The cover-glass should be divided into 
small squares by cross-lines etched on the glass and numbered. 
The preparation is carefully examined with a £ or 1 in. objective, 
and the positions of single isolated cells are noted. This is not a 
difficult matter on account of the comparatively large size of the 
yeast-cells, and their position is determined by tbe numbered 
squares on the cover-glass. The preparations are kept in a 
moist chamber in a warm place, and when visible colonies have 
developed, those which are derived from a single cell can be 
inoculated into tubes or flasks of a suitable culture medium. 

It is found that the various yeasts form spores in different 
periods of time when grown under similar conditions, and on this 
fact is based what is known as the analysis of yeast — a most 
valuable method, which we owe to Hansen. The chief “ diseases 59 
of beers and yeast — ?.<?., abnormal fermentations giving rise to 
inferior products — are due to admixture of certain C£ wild yeasts,’ * 
as they are termed, with the brewer’s yeast, chiefly the S. elhp- 
xoideus and S. pastoi ianus ; and, in order to detect these 
“ disease ” species, the analysis consists in determining at what 
time ascospores appear. The mode of procedure is as follows : — 

The yeast is sown in a flask of sterile wort, and incubated at 
25° C. for twenty-four hours. The yeast revives, and from the 
deposit of young cells two cultures are made on plaster-of-Paris 
blocks. These cultures are kept, one at 25° C., the other at 15° C., 
and are examined twice daily. In an uncontaminated brewing 
yeast ascospores should not be detected in less than thirty hours 
in the culture kept at 25° C., and seventy-two hours in that kept 
at 15° C. The plaster-of-Paris blocks are sterilised by careful 
flaming in the Bunsen, and are then placed in sterile glass capsules 
with lids, containing sufficient sterilised water thoroughly to 
moisten the whole of the blocks ; unless this is done no growth 
occurs. By this method of analysis as little iC wild yeast ” as one 
two-hundredth of the whole can be detected. 

Besides the distinct species of yeasts, there are also a number of 
varieties employed in brewing, etc., differing but slightly in 
morphological and cultural characters, yet giving rise to varied 
products. These varieties may be divided into two groups — the 
surface, high or top, and the sedimentary, low or bottom, fermen- 
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tat ion forms. In tills country beer is brewed by fermenting* an 
infusion of malt (“ wort 35 ) with yeast, which, during fermentation, 
rises to the surface, and belongs to the first group ; while the 
C4erman beers are obtained by yeast, which sinks to the bottom, 
and belongs to the second group. The floating of the yeast 
in the high fermentation process seems to be due to the attach- 
ment of minute bubbles of carbonic acid gas to the cells, and 
it has not yet been possible to convert the one form into the 
other. 

Characters of Some of the More Important Yeasts. — Hansen 
divided the important yeasts into groups having the same general 
characters, and distinguished the varieties in each by Homan 
numerals (I., II., etc.). 

Cerevisias Group. — These are the yeasts producing the normal 
fermentations resulting in beer, etc. They are round or slightly 
ovoid cells, and four ascospores are produced. In old cul- 
tures long sausage -shaped or even filamentous cells may be met 
with. 

8. cerevisice I. and II. — These are bottom fermentation forms in 
use at the Old Carlsberg Brewery, Copenhagen : the cells of Xo. II. 
are rounder and slightly larger than those of No. I., and ascospore 
formation is more abundant. 

There is also a top fermentation form described by Hansen 
(8. cerevisice I. top), which is the yeast employed in the breweries 
of London and Edinburgh. 

The yeasts of the cerevisice group can invert cane sugar, select 
dextrose from bevulose, and ferment maltose, but they cannot 
ferment lactose, nor decompose malto- dextrin. 

Pas to nanus Group. — These are wild yeasts. The cells are 
elongated or sausage-shaped, and six or eight ascospores are 
produced in a cell. 

8. pastor ianus I. — A bottom fermentation yeast producing a 
bitter taste in beer. 

S. pastortanus II. — A feeble top fermentation form Surface 
cultures on yeast -water gelatin have smooth edges, which distin- 
guish it from the next species. 

8. pastorianus III. — A top fermentation form producing 
turbidity in beer. Surface cultures on yeast-water gelatin have 
woolly margins. 

Bllipsoideus Group. — These are wild yeasts. The cells are 
usually ovoid, or pear-shaped, sometimes round, rarely elongated. 

Five or six ascospores are produced in a cell. 

8. ellipsoideus I . — A bottom fermentation yeast occurring on 
ripe grapes. One of the principal wine yeasts. 

8. ellipsoideus II. — A bottom fermentation yeast causing 
turbidity in beer. 


28 
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Both the pastor ianus and ellipsoideus groups resemble the 
cere vis ice group in their chemical actions, but they are able in 
addition to decompose malt o -dextrin. 

8. anomahis is a yeast forming small ovoid cells. It is curious 
in that the spores are hemispheres with a projecting rim at the 
base like a bowler hat. 

Another point in the identification of species of yeasts is the 
period of formation of films. If the yeast is grown in wort with 
free access of air and is undisturbed, e.g., in a beaker capped with 
filter-paper, after a varying period a film composed of a zoogloeal 
mass of cells appears on the surface. 

If yeast, or disintegrated yeast-cells, be injected into animals, 
the blood acquires specific agglutinative'properties, agglutinating 
the veast-cells of the species with which the inoculation has been 
carried out.* 

On the yeasts of fermentation, see Jorgensen, Micro-organisms 
and Fermentation , 4th ed., 1911 (<J. Griffin & Co.), (full bibliog. ) ; 
K locker, Fermen tat ion < >rga n isms. 

Examination of Yeasts. 

The yeasts can be readily examined in the fresh state m hanging- 
drop preparations. The cells should be young or they will not be 
of the typical form ; a two or three days’’ old culture in wort 
or grape-sugar solution may be used. The yeasts grow well at 
20 -30 C. on the ordinary gelatin, agar, and p>°tato, but -wort 
gelatin or wort agar is to be preferred. The elongated cells, 
common to all old cultures of yeasts, may be obtained from the 
films which form on wort cultures in wide flasks or beakers after 
two or three weeks. 

In order to stain yeasts, a dilution of the culture should be 
made in a watch-glass of water, so that the cells may be isolated, 
as they become distorted if grouped in masses. 

If the yeast has been grown in wort, it is best, before staining, 
to pour off the fluid from the deposit of cells at the bottom of the 
flask or test tube, add some physiological salt solution and shake, 
then allow the vessel to stand for an hour for the cells to sediment, 
or centrifuge, and the process of washing may be repeated once. 
Films may be prepared in the ordinary way and stained for five 
minutes in Edffier's methylene blue, washed in water, dried, and 
mounted. Or the films, after air-drying, may be fixed by immer- 
sion in equal parts of alcohol and ether for ten minutes, dried in 
the air, and stained as before. The preparations can also be 
stained in gentian violet or fuchsin, or by Gram’s method. 


* See M&cf&dyen, Centr. f. Bakt. (1*« AM.), xxx., 1901, p. 368. 
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AS COSPORE STAINING 

Ascospores may be double stained by preparing films of a 
sporing culture in the ordinary way, staining with carbol-fuchsin 
for two minutes, rinsing in water, decolourising with 5 per cent, 
sulphuric acid and with alcohol, rinsing m water, counter-staining 
with Ldffler’s blue for five minutes, washing, drying, and mounting. 
The spores are red, the remainder of the cells blue. 



CHAPTER XVII. 

THE HYFHOMYCETES — ASPERGILLOSIS — RINGWORM. 

The Hypiiomycetes. 

The moulds are, for convenience, collectively termed the 
ffypltom ycetes, hut this is not a strict botanical group. They are 
Fungi having as a common character a plant body made uj) of 
hyphse. They are multicellular individuals, composed of fila- 
ments, simple or branched, jointed or unjointed, which are 
termed hyphce , and are formed by the end-to-end union of elon- 
gated cells. When the hyphse project upwards into the air they 
are known as aerial hyphse, and when downwards into the fluid 
or medium on which the organism is growing as submerged hyphse, 
and tlie compact tufts or masses resulting from interlacing hyphse 
are termed mycelia. A mycelium may form a hard lignified mass 
or pseudo-parenchyma, which is known as a sclerotium, such as is 
met with in ergot. 

Any piece of the mycelium will grow, but in addition moulds 
reproduce by multiple spores, which may be asexual or sexual. 
Practically all moulds produce asexually formed spores ; some 
produce sexually formed spores by the fusion of two cells or 
gametes. The two principal sexually formed spores are zygospores 
and ascospores. Zygospores occur in 21 ucor (see p. 438). In 
aseospore formation, after conjugation of the gametes, instead of 
immediately developing into a spore, the fertilised cell grows 
into a mass of branching liyphae, some of the cells of which produce 
spore sacs or asci 9 each of which contains two or more ascospores 
(see Penicillium , p. 439). 

Asexual spores are either free, borne at the ends or sides of 
hyphae — con idia — as in Penicillium, or are formed in specialised 
spore eases — sporangia — as in Mucor. 

Usually the spore-bearing hyphse are specially differentiated, 
and one bearing conidia is known as a conidiopJiore, one bearing a 
sporangium as a sporangiophore . Some moulds produce spores by 
segmentation of hyphse, these conidia being known as oidia. 

The Fungi are divided into the Phycomycetes, Ascomycetes, 
Basidiomyeetes, and Fungi Imperfecti. The Phycomycetes are 
distinguished by non-septate or slightly septate hyphse and zygo- 
spore-formation, as in the Mucors. The Ascomycetes are charac- 
terised by the cell resulting from fertilisation giving rise to 
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other cells, some of which become spore sacs or asci containing 
several spores. Asexual spores are usually produced as well. 
The Basidiomycetes have spore-bearing structures known as 
ha ft Id i a ; the rusts, smuts, toadstools, puff-balls, and mushrooms 
belong to this group. All fungi which do not fall into one of 
these three groups are placed among the Fungi Imperfecti ; most 
of them probably belong to the Ascomycetes. Mucor mucedo, 
Fenieillium glaueum , and Aspergillus niger may be taken as types 
and more fully described. 

jMucou mucedo. 

The Mucoracice belong to the Phycomycetes, and are divided 
into some eighteen genera. 

Mueor onucedo , the common white mould which appears like 
tufts of cotton-wool on various substances, may be obtained by 
exposing some moistened bread or horse-dung to the air for a 
short time, and then keeping it moist under a bell -jar. It con- 
sists of a mycelium composed of hyphae, and its fluffy appearance 
is caused by aerial hyphae. The aerial hyphae are at first of even 
diameter throughout, but later on their free ends become swollen 
and ultimately form spherical bodies, which become filled with 
spores, the sporangia. In the early stage the whole organism 
forms but a single cell, the protoplasm of which is granular and 
contains vacuoles and numerous small nuclei. As it grows, and 
the sporangia form, these become separated by a septum from the 
hyphae, and when it becomes older still tbe mycelial hyphae may 
be divided into elongated cells. The development of a sporan- 
gium takes place as follows : The distal end of an aerial hypha 
swells, and immediately below the swollen part a division occurs 
in the protoplasm and a cellulose septum is formed, so that the 
swollen part is separated off from the rest of the hypha, forming 
the rudimentary sporangium. The sporangium continues to 
grow, and its protoplasm undergoes multiple fission into numerous 
ovoid masses, the spores, each of which becomes surrounded with 
a cellulose capsule. The septum separating the sporangium from 
the hypha projects upwards into the interior of the sporangium 
as a club-shaped knob known as the columella. When the 
sporangium is ripe the slightest touch causes its wall to rupture, 
so liberating the spores. When placed under favourable condi- 
tions the spore germinates, and the buds increase in length and 
ultimately form hyphae. 

Occasionally a process of conjugation occurs. Two adjacent 
hyphae send out lateral branches which come in contact with one 
another, and a septum forms in each, separating a small portion of 
protoplasm from the rest of the hypha. The apposed walls of the 
two cells become absorbed and the contents mingle. The mass of 
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protoplasm so formed "becomes surrounded with, a thick cell-wall, 
giving rise to an inactive spore-like body, the zygospore, which 
under favourable conditions develops like an ordinary spore. 
Some Mucors form thick-walled resting cells, known as chlctmydo - 
spores, in the vegetative mycelium. These are storehouses of 
reserve material which is ultimately expended in the production 
of shoots. 

Certain Mucors form appreciable amounts of alcohol from 
carbohydrates, and M . rouxii has been used for the commercial 
production of alcohol. 

Penicillium glatjcum. 

Benicillium belongs to the Aseomycetes, and hears conidio- 
pliorcs. Penicillium glaucum forms the bluish-green mouldy 
patches familiar to every one. It is by far the commonest of all 
species, and may he obtained from moist bread or jam or by 
exposing a gelatin plate to the air for a short time. If the mouldy 
patch he rubbed a fine greenish dust comes away. This dust 
consists of myriads of spores ; if a little of it be transferred with 
a moistened needle to a gelatin plate, or, better still, to a hanging- 
drop preparation, the growth of the organism can he studied. 
After two or three days little wh ite specks will be observed, which 
microscopically are found to consist of tufts of delicate interlacing 
hyphse ; these, becoming interwoven, ultimately form a tough 
mycelium. The patches of growth are circular, and the hyphse 
will be found to radiate from the centre. As the patch increases 
in size it changes in colour, becoming bluish-green, though the 
margin for some time still remains white. Prom the upper surface 
of the mycelium delicate aerial hyphse grow upwards, and from 
the under surface short submerged ones project downwards. 

The hyphse are composed of elongated cells arranged end to end, 
the cell -walls of which consist of cellulose enclosing a more or 
less vacuolated protoplasm containing several nuclei. 

The aerial hyphse are unhranehed filaments, hut as development 
proceeds the distal ends branch dichotomously, the branches 
remaining short and nearly parallel to one another, so that a kind 
of brush is produced. The ultimate branches are known as 
sterigmafa. The ends of the sterigmata become constricted so 
that little globular masses, the spores, are formed ; this process is 
repeated until a chain of spores results, the proximal one being 
the youngest. A spore when placed under favourable conditions 
germinates, a little bud appearing, elongating, and forming a 
hypha, just as in Mueor. 

Brefeld, by sowing spores on moist bread, inverting the bread, 
and examining at intervals, observed a sexual method of repro- 
duction in BenicilUmn. Two- sets of spiral cells develop on a 
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tliick hypha, they intertwine, their contents probably mingle, 
and from the union or carpogonmm a tube-like hypha develops, 
which becomes surrounded and enclosed by branching hyphse 
from the mother cell. By further development and thickening of 
the cell -walls a selerotium forms ; it is a hard solid body, yellowish 
in colour, and resembles a grain of sand, the earpogonium being 
at the centre. If placed m favourable conditions the selerotia 
germinate after some time. Two forms of hyjjhie are produced, 
one thick, the other thin ; the latter become much twisted. The 
thick hyphse become branched, and ultimately a number of pear- 
shaped bodies are produced. The contents of these bodies then 
become broken up and form spores ; the bodies are known as 
ascd and the spores as aseospores. From the ascospores the 
ordinary mycelial form again develops.* 

Aspergillus Niger. 

Aspergillus also belongs to the Ascomyeetes, and representatives 
of this genus are common on damp and decaying vegetable matter. 
The asci occur as golden-yellow bodies in the mycelium. It forms 
conidioi>hores which are unbranched and are swollen at the tip. 
Short unbranched stalks (sterigmata) grow on this swelling, and 
on the tips of these the spores develop. A process ot sexual 
reproduction occurs very like the one observed m Penicilhum. 
Aspergillus mger grows well on the ordinary laboratory media, 
producing on potato a powdery, sooty growth after a time. Aspet - 
gillus glaucus is a common green-spored species. 

With, the exception of the ringworm and allied fungi, which 
produce parasitic skin affections, the Hyphomycetes are not 
of great pathological importance. In the ear and nose mucors 
and aspergilli may be met with, but in these situations they are 
epiphytes rather than parasites, and the same species occur in 
bronchiectases and pulmonary vomicse. Occasionally, however, 
a pneumono-my c osis has been met with, the mycelium of the 
fungus ramifying in the lung tissue and setting up irritative 
and other changes. Pneumono-mycosis 75 or pulmonary 
aspergillosis 55 is especially a trade disease among bird-rearers. 
Grain is taken into the mouth and the bird is fed with it, and 
during this operation the mould spores are inhaled. The 
course of the disease is much like chronic bronchitis or 
pulmonary tuberculosis. The species met with in this con- 
dition seems generally to have been the Aspergillus fumigai us. 

The Maduramy coses, as already stated (p. 425), are due to 
various fungi, one of them to an Aspergillus. 


* See Brefeld, Quart. Joiim. Microscop. Soe. 9 vol. xv., p. 342, 
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Sporotrichosis . * 

A rare disease clinically resembling syphilis or tuberculosis 
and characterised by indurated granuloma ta like gummata. 
which subsequently break down, suppurate and ulcerate. 
Potassium iodide has a curative action on the condition. 

In the pus of the lesions large ovoid retractile bodies sug- 
gestive of yeasts or of large spores may be detected, but no 
mycelium. 

Cultures are best obtained on maltose agar, from nor- 
ulcerated lesions ; agar and potato may also yield growths. 
The organism (Sporotrichum beurinanm) grows as small raised 
woolly colonies, at first white, afterwards becoming brown. 
The growths consist of a felted mycelium of filaments with 
spores and yeast-like cells. It produces granulomata in 
inoculated mice. The botanical position of the organism is 
uncertain ; by some it is regarded as a true fungus. It is 
stated to occur on decaying vegetable matter and to be the 
cause of epizootic lymphangitis in the horse — a disease having 
a superficial resemblance to farcy — in the pus of which oat- 
shaped bodies are found, the cryptococcus 35 of Kivolta. 

Accladiosis is an ulcerating dermat omy c osi s occurring in 
Ceylon and elsewhere in the East, and somewhat resembling 
sporotrichosis. The fungus was isolated by Castellani f and is 
named Accladium castdlanii. 

The Moxilias and Thrush. 

Thrush is due to an organism ( Oldium or Monilia albicans) 
which is usually classed among the Hyphomyeetes. There are 
probably several species distinguished by their fermentation 
reactions (Castellani). It forms the whitish patches so fre- 
quently seen on the mucous membrane of the mouth and 
pharynx in children and in those suffering from wasting 
diseases, it also causes bronchitis, and a general infection has 
occasionally been produced by it. If one of these patches is 
removed and teased up, it will be found to consist of masses 
of tangled mycelial threads with yeast-like budding (Plate 
XXVI., d). The organism can be readily cultivated on all the 
ordinary laboratory media, and will also grow on slightly acid 
media such as wort gelatin. It produces whitish, membranous, 

* See Walker and Ritchie, Brit, Med. Journ.? 1911, vol. ii., p. 1 ; Gougerot, 
Jomr»* of Med., xxL, 1913, pp. 614 et seq. 

■f Bee Prm. M&y. B&c. Med. (fjernuatolog. Sect.), 1917. 
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adherent growths, in which it appears morphologically under 
two forms — as masses of tangled filaments or hyphae and as 
yeast-like cells. On acid media the latter exclusively occur, 
on alkaline the former predominate. It liquefies gelatin 
and serum, stains by Gram’s method, produces an alkaline 
reaction by the formation of ammonium carbonate, and does 
not ferment lactose. It forms acid and curd in milk, and acid 
and gas in glucose. Inoculated on to a damaged mucous 
membrane the £< thrush ” patches appear, subcutaneously it 
produces an abscess, and injected into the peritoneum a 
general infection, followed by death and accompanied by a 
sero-purulent peritonitis. 

Many species of Monilia have been described by Castellani.* 
M. trojiicalis is the commonest cause of a type of bronchomyeosis. 
It is seen in the expectoration as round or oval yeast -like cells, 
and gives an abundant creamy-white growth on maltose agar. 

Cultivation and Examination. 

The Hyphomycetes can be cultivated on the ordinary laboratory 
media, but wort-agar, or wort-gelatin, potato, bread, or maltose 
agar is to be preferred. 

They can he examined by removing a portion of the growth, 
teasing up geutly with needles m a little 50 per cent, alcohol con- 
taining a trace of ammonia, removing the surplus fluid with 
blotting-paper, and mounting in Farrant's solution or m glycerin 
jelly. If desired, they may he stained by the irrigation method 
with fuchsin. Thrush may he examined in this way. 

In the tissues they may he stained with hsematoxylin or 
methylene bine, or by Gram's or by Weigertfs method. 

Ringworm. 

Human ringworm, formerly regarded as a single disease, 
was proved by Sabouraud to comprise at least two affections, 
which are distinguished from each other clinically and by 
differences in the parasitic organisms. 

The first variety is an affection of early childhood, forming 
80 to 90 per cent, of the ringworms met with in London ; it 
never attacks the scalp of adults, never affects the beard or 
nails, is intractable, and frequently epidemic. The parasite 
is characterised by small round or ovoid spores measuring 3 jjl 
to 4 g in diameter. Affected hairs are generally broken off, 

* Manual of Tropical Medicine, Castellani and Chalmers, ed. 3, 1919, 
p. 1079. 



442 A MANUAL OF BACTERIOLOGY 

forming relatively long stumps, gxeyisli in colour, and possessing 
a whitish sheath. When suitably prepared in potash this 
sheath is seen to be composed of the spores agglomerated 
together without apparent order, and the hairs themselves are 
filled with delicate parallel mycelial threads (Plate XXVI., a). 
The fungus is the M icrosporon audoumi . Microsporons of this 
type have been found in the cat, dog and horse. 

The second variety comprises the ringworms with large 
spores, measuring 4-12 p. in diameter (Plate XXVI., b), and is 
divided into two groups by Sabouraud. The first of these 
groups is exclusive^ of human origin, causes ringworm of the 
scalp, body and beard, and bas a marked tendency to affect 
the interior of the hairs only, and hence the organism has been 
termed the Trichophyton megalosporon endothrix. Tbe other 
group is of animal origin (horse, ox, pig, deer, cat, dog, birds), 
causes ringworm of the body, beard and nails, and tbe spores 
are met with chiefly on the ontside of the hairs ; hence the 
fungus is termed the Trichophyton megalosporon ectotkrix. 

The endothrix form occurs later in childhood, and is not so 
persistent as the M icrosporon . Microscopically, the fungus is 
seen to consist of beaded threads, which are rounded or ovoid 
spores arranged end to end. The ectotlnix form rarely attacks 
the scalp, and suppuration is common. Microscopically ap- 
pearances differ ; generally the spores are arranged in chains, 
but the sporulation is less regular than in the endothrix . 

The ringworm fungi can be readily cultivated on all the 
ordinary media — beer-wort agar and beer-wort gelatin being 
especially favourable. They form whitish fluffy growhhs with 
rapid liquefaction of gelatin. In order to obtain cultivations 
the diseased hairs or stumps are removed by forceps and placed 
on a sterile glass slide. The aerial portion of the hair is then 
cut away by means of a sterile scalpel, and the diseased portion 
is divided into small fragments. These can be picked up with 
a moistened platinum needle and transferred to the culture 
media, preferably beer-wort agar. In some cases a pure culture 
is thus obtained, but in others further treatment is necessary. 
When the Trichophyton or M icrosporon has thrown up its 
aerial hyphse the plug of wool Is removed from the tube and 
the month well flamed ; the tube is then held inverted over a 
Petri dish containing solidified maltose agar. A sharp tap or 
two is given to the tube, sufficient to canse tbe spores to drop, 
and the dish is re-covered. A growth of the organism from 
single isolated spores thus ensues, and pure cultures can be 
obtained (Blaxatl), 



PLATE XXVI. 



Hairs showing : a. Small-spore ringworm. b. Large-spore ringworm, 
c. Favus. Gram stain. x 280. d. Thrush patch. Loffler’s blue, x 500. 








RINGWORM CULTURES 


443 


The various forms of the ringworm fungi can be differen- 
tiated by cultures, but it is necessary when comparing them 
to employ media of identical composition, because slight 
differences in the latter are liable to induce marked changes in 
the characters of the cultures. A favourite medium, used by 
Sabouraud and by Blaxall, is maltose agar : 


Peptone 

Maltose 

Agar-agar 

Water. 


0- 5 grin. 
3-8 grin. 

1- 3 grm. 
100 c.c. 


Characters of the Cultures. — Cultures are incubated at 30° C. 



Fig. 48 — Culture of the ringworm organism EIndothrix form. 

The colonies of the Microsporon do not show any growth until 
about the seventh day ; little white downy tufts then appear. 
The fully developed growth on maltose agar forms a large 
white downy patch with a small central boss ; on potato white 
downy patches appear with brown discoloration. 

The endothrix variety commences to grow in six or seven 
days, and on maltose agar in about a month forms a rounded 
patch with a central crateriform depression, the whole being 
dusted with fine white powder (Fig. 48) ; on potato, powdery 
stars develop tinged with yellow and usually without dis- 
coloration of the medium. 

The cultures of the ectothrix form are variable. They com- 
mence on the third or fourth day ; some develop whitish 
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smooth or wrinkled growths ; others from the dog, form dry, 
brown, wrinkled, powdery growths ; others, of bird origin, 
form purplish growths. 

Microscopically, all the fungi show masses of mycelial 
threads with spores. They stain with the ordinary anilin dyes 
and also by Gram’s method, and can be mounted in glycerin 
jelly. 

Macfadyen found that the ringworm organism produces an 
active peptonising enzyme, and seems to increase the solubility 
of keratin when grown on it ; no inverting enzyme could be 
isolated. 

Of 1,222 specimens of ringworm hair examined in 1924 
in the London County Council Laboratory, 992 (81 per cent.) 
were small spore, 197*" (16 per cent.) were large spore, 17 were 
Favus , and in 16 the species of fungus was not classified. 

Clinical Examination. 

The hairs should be treated first with ether for not less than 
fifteen minutes and then with caustic potash solution of about 
7 per cent, strength. In this reagent they may remain for from 
half an hour to a few hours ; they are then floated on to a slide 
and carefully covered with a cover-glass. Permanent prepara- 
tions may be mounted in Tarrant’s solution or in glycerin jelly. 
Hairs, after treatment with ether for half an hour, may be 
stained by the following method : 

(1) Stain in anilin -gentian violet for one to two minutes, and 
blot. 

(2) Treat with Gram’s iodine solution for one to two minutes, 
and blot. 

(3) Decolourise carefully (watching microscopically) with anilin 
oil containing I per cent, of hydrochloric acid. 

(4) Treat with anilin oil and then -with anilin oil and xylol. 

(5) Clear in xylol, and mount in Canada balsam. 

Eryfchrasma. — Due to infection with a fungus ( Microsporon 
m i n ut i s$ im u m ) , very difficult to cultivate, which occurs as 
extremely fine interlacing jointed filaments without branches. 

Favus. — Favus is due to a fungus discovered by Schoenlein 
in 1839 — the JLcliorion schoen le i n i i. It is seen as a mycelial 
growth with spores in the patches (Plate XXVI., e). The organism 
grows well on maltose agar, forming fluffy, woolly, moss -like 
colonies with radiating outgrowths, first grey and then yellowish. 
1% occurs on mice and other animals. 

DhoMe itch. — • Castellan! has isolated three trichophyton -like 
organisms in tMs disease. 
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Pityriasis alba. — In this disease Unna’s tk bottle bacillus ” is 
invariably present. It occurs as large round or oval bodies like 
yeast-cells, -which may occasionally show budding. 

Pityriasis versicolor. — In the epidermal scales of this skin 
affection a fungoid organism (J licrosporon furfur) is present. It 
occurs as short and thick curved hyphse, between which are 
niasses of large coarse spores. Cultures can he obtained only on 
special media, such as epidermin agar. 

Pint a. — A skin disease met with m South America. In the 
scales short mycelial filaments with large (8-12 p) spores are 
seen. Various organisms have been cultivated belonging to the 
genera Renicillium and Aspergillus . 

Piedra. — A disease of the hairs met with in South America. 
The nodosities on the hairs are composed of masses of very large 
refractile spores. The fungus is supposed to be a Trichosporium. 

Tinea imbricata. — A tropical ringworm due to Endodermo- 
phyton concentricum . The mycelial threads are long and spores 
irregular. 



CHAPTER XVIII. 


THE PROTOZOA.* 

THE GENERAL STRUCTURE OF THE PROTOZOA— PATHOGENIC 
AMOBBiE — TRY PANOSOMATA — LE ISHMAN- DON O VAN BODY— 
SPIRO CHAE TJG — SYPHILIS — CO CCLDIA — MALARIA. 

The Protozoa form an important group of unicellular organisms, 
regarded as animal in nature, and sharply and definitely distin- 
guished from the rest of the animal kingdom, to -which the names 
of Metazoa and Enterozoa are applied. The latter consists of 
many cells, differentiated to perform different functions, and 
arranged in two layers — endoderm and ectoderm — around a 
central cavity, the enteron. 

it is true that some protozoa consist of aggregates of cells, 
and should therefore be entitled to be called multicellular ; yet an 
examination of the details of structure of these cell -aggregates 
and of their life -history establishes the fact that the cohesion of 
the cells in these instances is not an essential feature of the life of 
such multicellular protozoa, hut a secondary and non-essential 
arrangement. Like the budded c persons 5 forming, when co- 
herent to each other, undifferentiated c colonies 5 among the 
polyps and corals, the coherent cells of a compound protozoon 
can be separated from one another and live independently ; 
their cohesion has no economic significance. Each cell is pre- 
cisely the counterpart of its neighbour ; there is no common 
life, no distribution of function among special groups of the 
associated cells, and no corresponding differentiation of structure. 
As a contrast to this, we find in the simplest enterozoa that the 
cells are functionally and structurally distinguishable into two 
groups — those which line the enteron or digestive cavity, and 
those which form the outer body wall. The cells of these two 
layers are not interchangeable, but are fundamentally different 
in properties and structure 55 (Ray Lankester). In some instances 
there may be a difficulty in deciding whether an organism 
is vegetable or animal, and Haeckel proposed to include all 


* See Lankester* s Treatise on Zoology* Part I., first and second Fascicles, 
1907 and 1909 ; Minchin in Clifford Allbutt’s System of Medicine , ecL 2, 
voh it, pt. ii ; Human Protozoology, Hegner and Taliaferro (The Macmillan 

Go., 1924). 
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Indeterminate unicellular organisms in a distinct kingdom, tlie 
Protista. 

Tlie cytoplasm of a protozoon is commonly differentiated into 
an outer, clearer, denser layer, tlie ectosarc or ectoplasm, and an 
inner, granular, more fluid portion, tlie endosarc or endoplasm. 
Tlie cytoplasm is sometimes naked, or may be covered with a 
cuticle, usually protein in nature. The cytoplasm contains a 
veil-marked nucleus, and occasionally subsidiary chromatin 
particles or chromidia. A contractile vacuole, which is an excretory 
organ, is frequently present ; also “ food vacuoles ” in which food 
particles are suspended and subjected to the digestive ferments 
of the cell. 

The nucleus is enclosed within a nuclear membrane. The 
nucleoplasm contains chromatin, the essential nuclear substance, 
and plastin. Granules of the latter constitute the nucleoli , or if 
nuclear granules contain a mixture of chromatin and plus tin, 
they are termed hai yosomes. The nuclear chromatin may be con- 
centrated in a single mass forming the vesicular nucleus , or be 
distributed m grains throughout the entire nucleus. Another 
structure, the centrosome , is also present, either intra- or extra- 
nuclear. It occurs as a minute granule, or jiair 0 1 granules, and 
when intra-nuelear generally lies within a karyosome. It is con- 
cerned with the kinetic activities of the cell during division, and 
is associated with the organs ot locomotion, as in the basal granules 
of flagella where it is usually termed a blepliaioplast. 

In most protozoa reproduction takes place by simple binary 
division or fission, first the nucleus and then the cytoplasm 
dividing. The nucleus generally divides by mitosis, occasionally 
by amitosis. Reproduction by spore-formation also occurs, and 
in some forms is exclusively by spores, which are often formed by a 
complicated process of develojmient. In many of the piotozoa 
a simple form of sexual reproduction by conjugation occurs. 
Two dissimilar cells (gametes) are produced, the larger comparable 
to female cells or ova and termed macrogametes , the smaller 
comparable to male elements or spermatozoa and termed micro- 
gametes. Tlie cells from which the gametes are derived are known 
as gametocytes. The gametes conjugate and form a zygote, which 
usually divides into a number of spores from which the adult is 
reproduced. 

In certain cases sexually differentiated individuals reproduce 
by fission without conjugation ; this phenomenon is termed 
parthenogenesis. 

Various classifications of the Protozoa have been suggested. 
Biitschli divides them into four classes : I. The Sarcodina ; II. The 
Infusoria (p. 454) ; III. The Mastigophora (p. 455) ; and IV. The 
Sporozoa (p. 495). 
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Class I. — Sakcodena. 

These are Protozoa in which the cell protoplasm is naked, and 
locomotion and ingestion of food are performed by means of 
temporary protoplasmic processes or pseudopodia. 

The Sarcodina includes a number of forms of very varied mor- 
phology and habits, such as the Amoebae, Heliozoa, Padiolaria, 
and Poraminifera, the three latter groups being characterised by 
the x>resence of a siliceous or a calcareous skeleton or shell. 

The only parasites belonging to the Sarcodina are the amoebae 
which are placed in the order Lobosa, in which the pseudopodia 
are finger-like and not filiform or reticulose. 

The Amoebae met with in Man.* 

Only one species of amoeba is definitely pathogenic in man, 
viz.. Entamoeba (or Endamceba) histolytica , the causative 
organism of amoebic dysentery. 

E . histolytica occurs in two forms in the body, the active 
amoeboid form and the encysted form. The amoeboid forms 
show considerable variation in size, ranging from 18 /x up to 
40 /x in diameter. As a rule, they measure between 20 /x and 30 y. 
The living amoebse; when quite fresh and healthy, are active, 
flowing along in a slug-like manner, and exhibit at first little 
differentiation between ectoplasm and endoplasm, but a dis- 
tinction between the two soon becomes evident (Plate XXVII., 
d, e). The pseudopodia are hyaline and are extruded sud- 
denly. The ectoplasm is clear and hyaline, the endoplasm 
is homogeneous and colourless, of a texture like ground glass, 
and contains numerous small granules (microsomes) which are 
easily stained intra vitam with neutral red. Food vacuoles 
may be present and contain red blood corpuscles and occasion- 
ally leucocytes and fragments of other cells ; bacteria are rarely 
or never present. Fed corpuscles may be numerous, usually 
one to ten are seen (Plate XXVII., d 9 e). A vesicular and 
usually spherical, central nucleus is present, measuring 4 yu—1 jjl 
in diameter, but in the living amoeba is inconspicuous or in- 
visible. The nuclear achromatic membrane is lined with a 
single layer of chromatin granules and the centre of the nucleus 
is occupied by a small spherical chromatin dot or karyosome, 
05 ju. in diameter. The active amoebae live in the tissues of the 
wall of the large intestine, where they multiply by binary 
fission, which is apparently amitotic ; there is no evidence 

* Arb. a . d. Kam&rl. Gesundheitsamte, xix., p. 547 ; Wenyon, 

ISIS, voL ii., p. 1173 ; Dobell, The Amgehce living in Man (Bale, Sons 
$)uictaaB» 1919). 
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that conjugation ever occurs. A proportion of the amoebae 
leave the ulcers and pass into the intestinal contents, where 
they encyst and pass out with the feces. The precystic 
amoebae are smaller (so-called t£ mi nut a 55 forms) than the 
ordinary tissue-invasive forms. The cysts, which are found 
only in the feces, are smaller than the precystic amoebae, and 
when fully developed contain four nuclei. The cysts vary in 
size from 5 /x to 20 yu in diameter, and there are several races 
of the parasite, distinguished by the size of the cysts. If the 
cysts are swallowed, they presumably liberate small amoebae 
In the small intestine which pass down into the large intestine, 
where they attack the Intestinal wall and become the large 
invasive histolytica forms once more. The amoebae may 
migrate to other organs, particularly the liver and occasionally 
the spleen, brain and elsewdiere, and in these new sites they 
cause abscesses. The amoebae in these secondary infections 
are always of the large tissue-invasive form E. histolytica 
nourishes itself at the expense of the tissue, and rarely, if ever. 
Ingests bacteria, starch grains, etc. (though it may very rarely 
be parasitised by bacteria). It probably forms a proteolytic 
ferment, which, when it applies itself to the tissue, breaks 
down and dissolves the cells, which melt away. The amoeba 
is found embedded in the wall of the ulcer and abscess cavitv 
(Plate XXVIII., a). 

Before the amoeboid forms encyst they undergo reduction 
in size The smaller precystic amoeba (mi nut a form) assumes 
a resting stage, becomes rounded, secretes a cyst wall, and thus 
becomes completely encysted ; this occurs only in the bowel. 
The encysting, or encysted, individual forms m its cytoplasm 
blocks or bars of a refract lie substance giving the reactions of 
chromatin. With this formation, a vacuole also appears in the 
cytoplasm which contains glycogen and stains brown with 
iodine. The cyst is uni-nucleate when first formed, this 
nucleus then divides into two so that the cyst becomes bi- 
nucleate, and finally each daughter nucleus divides, the cyst 
becomes quadri-nucleate, and the glycogen vacuole disappears 
(Plate XXVII.,/). The cysts are typically nearly spherical or 
slightly ovoid, but are not as a rule perfectly symmetrical. 
The cysts will survive for several weeks outside the body if 
they be kept moist and cool. Desiccation kills them imme- 
diately. Cysts are passed in the feces in all the nuclear stages. 
The cysts constitute the “ tetragena 99 phase of Kuenen and 
Swellengrebel. Until 1924 (with the possible exception of 
Cutler in 1918), E. histolytica had not been cultivated. Boeck 

M.R, 29 
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and Boeck and Drbohlav * have succeeded by the use of a 
medium consisting of slopes of inspissated whole-egg covered 
with Locke’s solution containing 12 per cent, of human serum, 
or 1 per cent, of crystallised egg albumin. On this medium the 
amoebae are most numerous at the end of the second day and 
persist up to live or six days. After more than ninety passages 
by sub-culture, the organism still produced typical dysentery 
in kittens 

Many individuals without any signs of dysentery are carriers 
of E. histolytica. As the parasite lives at the expense of the 
tissues, Dobell considers that even in these carriers without 
symptoms a certain amount of ulceration of the colon must be 
present. Carriers are of two classes, contact carriers,” who 
have never suffered from amoebic dysentery, and 4 4 convalescent 
carriers,"' who have recovered from the disease. Chiang states 
that E. histolytica may be transmitted to rats by feeding or by 
rectal injection. The infection persists for four to eight weeks, 
and then passes off without pathogenic effects. The rat 
infection may be transmitted to other rats associated m the 
same cage. The rat may, therefore, possibly be a reservoir of 
E. histolytica . Kittens may be infected by the mouth with the 
cysts of E. histolytica and a typical dysentery produced. 
Amoebic dysentery has also been produced in man by feeding 
with the cysts. Ipecacuanha and its alkaloid emetine have a 
specific amcebicide action upon the amoebae and their cysts, 
though the latter axe fax more resistant than the former. 

As mentioned above, abscess of the liver is not an infrequent 
sequel of amoebic dysentery. 

The presence of the amoeba in the pus, and especially in the 
walls, of tropical abscesses is diagnostic. The amcebse are not 
usually observed in the abscess pus at the time of operation, 
but make their appearance in the discharge about the third 
day. i.e.. when the wall of the abscess-cavity is contracting. 
In the true tropical abscess the ordinary pyogenic organisms 
are absent, unless a secondary infection has occurred, which 
is the exception. The abscess is usually single, and Rogers 
suggests that the amoebae reach the liver through adhesions 
between it and the bowel. 

The presence of the amoebae and their cysts in the faeces 
forms a valuable diagnostic feature of amoebic dysentery. 
The E. histolytica has to be distinguished from another form, 

* Pr&e. Kai. Acad. Sciences, U.S.A., vol- xi. y 1925, p. 235. Locke’s 
■mlmtltm is composed of NaCi 0*9 ; KCI 0*042 ; CaCl 2 0-024 ; NaHC0 3 0-03 ; 

glucwe 0' l ; water to 100. 
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E. coh (see below), which is common in the intestine. In the 
amoebic stage, the presence of red corpuscles in E. histolytica 
and of bacteria m E . coli are the chief distinguishing features. 
In the cystic stage, the cyst of E. histolytica is characterised 
by never having more than four nuclei, while that of E. coh 
has up to eight, or even more, nuclei. In the former, four 
nuclei are common ; in the latter, one, two or four nuclei 
are the exception. The following table gives the principal 
differential characters of the two forms * 


Size . 


( Cytoplasm . 


Nucleus . 


Retractility . 
Amoeboid 
movement 
Cysts 


E. coh. 

15—30 jjl. 

No differentiation into 
ectoplasm and endo- 
plasm. Never en- 
closes red blood cor- 
puscles. 

Large, spherical, with 
coarsely granular 
membrane Clearly 
visible. 

Less retractile. 

Sluggishly amoeboid. 

Accurately spherical, 
15—20 less retrac- 
tile. Contains more 
than four, and up to 
eight, nuclei. 


E. histolytica. 

Histolytica form, 15—30 y. 
Min ida form, 10-20 ju. 

Clear differentiation into 
ectoplasm and endo- 
plasm. Frequently 
encloses red blood cor- 
puscles. 

Smaller, spherical, with 
finely granular mem- 
brane^ Indistinctly 
seen. 

More retractile. 

Fairly actively amoeboid. 

Not so accurately 
spherical, 10-14 ft. 
more i e fra c t lie T w< > 

to four nuclei present. 


Entamoeba ( Endamceba ) coli is a common inhabitant of the 
large intestine of man. It is of considerable size and averages 
20 g, to 30 /z in diameter. Compared with E histolytica, its 
movements are sluggish and there is little differentiation 
between ectoplasm and endoplasm, but the nucleus is usually 
quite conspicuous, appearing as a round or oval beaded ring 
and occupying an excentric position (Plate XXVII.. a and b). 
The endoplasm is granular and usually contains several food 
vacuoles with various inclusions, but not red blood corpuscles 
or tissue elements. Sudden extrusion of pseudopodia is 
never seen. E. coli multiplies by binary fission. It also 
undergoes encystation, and the precystic amcebse are very 
similar to those of E . histolytica. The cysts vary in size, and 
races of the parasite probably exist. A cyst measuring less 
than 10 yu is probably not a cyst of E. coli, and one measuring 

2 0 — — at 



452 


A MANUAL OF BACTERIOLOGY 

more than 20 /x is probably not a cyst of E. histolytica . After 
passing through a bi- and quadri-nucleate phase, the cysts 
usually come to have eight nuclei, though occasionally six, or 
more than eight, may be present (Plate XXVII., c). With suc- 
cessive nuclear divisions the nuclei diminish in size, and in the 
hi- and quadri-nucleate stage the nuclei are larger — relative 
to the size of the cyst — than they are in E. histolytica . E. coh 
is a harmless commensal in man and cannot be cultivated. 

Care must be taken not to mistake the cysts of other intes- 
tinal Protozoa for amoeba c} r sts, nor a vegetable organism, 
Blastocyst is hominis , which sometimes occurs in considerable 
numbers in the faeces. This is more or less spherical in shape 
and 5 to 15 yu in diameter. It is a more delicate structure with 
thinner capsule than cysts of Entamoebas. The greater part 
of the cyst is occupied with a vacuole, the cytoplasm being 
reduced to a narrow rim at one side, or at opposite sides, of the 
cysts. In the cytoplasmic rim a varying number of greenish 
nuclei are present (Plate XXVII. v). 

Endolimar natia is a small amoeha 6 p— 12 ^ in diameter, which 
is quite common in the intestine (Plate XXVII., g and h). Its 
primary habitat may be the small intestine- Movement is slug- 
gish, and the cytoplasm contains many food vacuoles filled with 
bacteria. The nucleus is vesicular and contains a large karyosome. 
Encystation occurs ; the cysts are ovoid and ultimately contain 
four nuclei. 

Iodamceba butschhi i Iodine cysts of Wenyon). An amoeba met 
with in the intestine. Its diameter is usually 9 /x— 13 /x The 
cysts are of variable shape and characterised by the presence of 
large round or ovoid bodies which stain intensely with iodine and 
are probably composed of glycogen. 

Die nt amoeba fragilis is a small amoeba, usually about 8 p—9 /x, 
occasionally found living m the large intestine m man. It is 
actively motile 'with marked differentiation of ecto- and endo- 
plasm. The pseudopodia are lobed with dentate margins and the 
organism is binucleate. The nuclei are spherical and vesicular, 
and contain a karyosome. Cysts are unknown and it feeds on 
bacteria and yeasts. 

Entamoeba gingiralis . A small amoeba (10 p— 20 p) which occurs 
in the mouth- particularly in connection with pyorrhoea (see also 
under “ Pyorrhoea 

These forms are considered by Dobell to be non -pathogenic. 

Tree living amcehse {Umax forms) occasionally occur in the 
bowel, and are the forms which have frequently been cultivated. 
They will often grow on agar in the presence of bacteria. 
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Clinical Diagnosis. 

i 1 ) Intestinal Protozoa are best examined in the fresh and living 
condition and as soon after leaving the body as possible * the 
encysted forms, however, do not alter for days after they have 
been passed. 

A thin suspension of the faeces should be made with saline 
solution and several thm i>reparations examined. A warm stage 
should be used if it be desired to observe amoeboid movement 
of amoebae or motility of flagellates. It may be difficult to 
distinguish amoebae unless amoeboid movement is observed, and 
for this purpose the stool should be quite fresh, free from urine, 
and collected m a warmed bed-pan. In order to render the 
nucleation of the cysts more evident the faeces may he rubbed 
up into a thm suspension with a drop of \Veigert\s iodine solution 
on a slide. A preliminary examination of the preparation may he 
made with a * in. or * in. objective with a high eye -piece, and 
subsequently a more critical examination with the T b m. oil 
immersion objective. A micrometer eye-piece, by which exact 
measurements may be made, is a useful adjunct. Dark ground 
illumination is of considerable assistance m the diagnosis ot 
flagellates. 

(2) Donaldson * recommends the following method for examina- 
tion of faeces for entamoeba cysts The following solutions are 
used . 

a. Five per cent, aqueous solution of pot&SMUm iodide 
saturated with iodine. At time of using mix with an equal 
volume of either of the following solutions, B : 

B. (1) A saturated aqueous solution of rubm S ; or 

(2) A saturated aqueous solution of eosm ; or 

(3) Stephens's scarlet writing fluid. 

A few loopfuls of one of the above stain mixtures are placed on 
a clean slide, a loopful of faeces is taken and is rubbed up with the 
stain to form a uniform suspension, and a clean cover-glass is 
gently lowered over the drop. No gross particles must be left 
m the emulsion. Amoebic cysts (both varieties) stand out as 
brilliant yellow or greenish -yellow spheres m a more or less 
uniform red background. The nuclear structures in the cyst 
stand out prominently. Other protozoal cysts, plant hairs and 
mould spores also stam yellow. Blastocyst is stains reddish. 

(3) Cropper and Bow *f* describe a method for concentrating 
Entamoeba cysts. One gramme of faeces is shaken in a mechani- 
cal shaker with 30 c.c. of saline in a bottle of 120-150 c.c. capacity 
for at least half an hour until thoroughly disintegrated. The 

* Lancet, 1917, vol. i., p. 571. 
t Ibid., p. 179. 
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suspension is then poured mto a separating funnel, and shaken up 
by hand for half a minute with 10 to 20 per cent, of its volume 
of methylated ether, after which the mixture is allowed to stand 
for a minute or two in the funnel until the two liquids have 
separated. The fecal debris float in the upper ethereal layer, 
the cysts remain in the lower saline layer. The latter is then 
drawn off from the funnel and is centrifuged at low speed for 
two or three minutes ; experience will give the precise time and 
speed. The cysts are now concentrated in the deposit, and a 
concentration of fifteen times may thus be obtained. 

(4) Probably Heidenhaxn’s iron-hsematoxylin method is the best 
for staining this and other protozoa : 

(a) Make smears of the material and drop while wet into the 
fixative — two parts of saturated aqueous mercuric chloride solu- 
tion, one part of alcohol, with a few drops of glacial acetic acid. 
They remain m this for ten minutes. 

ib) Wash in weak spirit and then in weak spirit coloured with 
iodine, and finally wash in distilled water. 

<c) Treat with 4 per cent, iron-alum solution for six to ten 
hours. 

id ) Btain in Heidenhain's haematoxylin for at least six hours. 

(e) Differentiate in 1 per cent, iron-alum, watching micro- 
scopically. 

(J) Wash well in tap -water, p>ass through alcohol and xylol, and 
mount. 

Allusion may here be made to the Mycetozoa (Myxomycetes). 
These are masses of protoplasm resembling huge amoebae, which 
are found on decaying vegetable matter. By some they are 
regarded as vegetable, by others as animal, in nature, and belong- 
ing to the Bareodina.* Borne important plant diseases, such as 
the “ fin ger- an d - 1 o e of cabbage roots, are due to their activity 
The fin ger -and -toe disease is due to an amoeboid parasite (Plasmo- 
dia phora brassier, by some included among the Amoeba?), the 
cycle of which begins with spores from which small flagellulse are 
set free. Similar organisms have been supposed to be present in 
cancer. 

Class II. — Infusoria (Ciliata). 

The Infusoria are protozoa the locomotive organs of which 
consist of cilia, and in which the nuclear apparatus is differentiated 
into a vegetative macronucleus and a generative micro nucleus. 
The cytoplasm is enclosed within a cuticle, an oral aperture is 
present in the form of a slit or pore, and waste matter is extruded 
by a pore, constant in position, but, as a rule, visible only when 


See hankester’s Treatise on Zoology, Pt. 1, First Fascicle, p. 37. 
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in u-e A contractile vacuole is generally present. Reproduction 
usually takes place by fission, which i* preceded by division of 
the two nuclei, the micronucleus by mitosis, the macro nucleus by 
direct division. 

The Infusoria are of little pathological importance, but are 
common m ponds and ditches, e.q., Bammeeunn and Yorfieella . 
Opal inn is a large form with divided nucleus parasitic in the 
rectum of the frog (it has been recently stated that this organism 
is actually a flagellate). 

Balantiiuum ( Paraaiecium) coli. 

This is an intestinal parasite of swine, occasionally met with in 
man m conditions associated with chronic* diarrhoea and dysentery. 

Balantidial dysentery is very like amoebic dysentery, both 
clinically and pathologically, and differential diagnosis is possible 
only by microscopical examination of the stools. 

Bal. eoli is a relatively large ovoid organism averaging 5u p to 
70 p in length, though larger and smaller individuals occur The 
body is invested with a delicate membrane and is relatively ligid 
though capable of passive distortion. The membiarie appeals to 
he striated owing to the presence of cilia which are set at an angle 
to the surface and which they entirely cover. A small tunnel - 
shaped mouth, with longer cilia, is situated subterm ma Uy on tin 
ventral surface at the more pointed anterior end of tin* body, and 
a pore or anus is sometimes visible at the posterior end (Plate 
XXVII., u). Two contractile vacuoles are present m the cyto- 
plasm — one near the middle of the dorsal surface, and the other 
near the posterior end. Two nuclei are situated at about tin* 
centre of tbe body, a large kidney-shaped macronucleus and a 
small spherical micronucleus lying m the concavity of the macro - 
nucleus. Reproduction takes place by transverse division The 
organism undergoes encystation ; the cysts are smooth, thick- 
walled, spherical, or slightly ovoid, measuring 35 p to 60 p m 
length. Both cysts and free forms are present in numbers in the 
freshly passed faeces xn balantidial dysentery 

Ciliates resembling Balantidium may occur m water and saline 
used in diluting faeces for examination, and must not be mistaken 
for the organism. 


Crass III. — Mastigophora. 

These are protozoa in which one or more permanent organs 
serving for locomotion or food capture are present m the form of 
flagella. As a rule the body is limited by either a cuticle or a 
differentiation of the protoplasm into a firmer external portion or 
periplast . One, two, or more flagella may be present, and when 
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multiple are arranged in various ways. Food- vacuoles may occur 
in the protoplasm, also contractile vacuoles, hut not in the para- 
sitic forms. Various other granules, including chromatophores , 
which generally contain chlorophyl. may be present. The nuclear 
apparatus is usually double, consisting of a large principal or 
macro- or tropho -nucleus, and a small or micronucleus or blextharo- 
plast ; the latter is not, as in the Infusoria, composed of generative 
chromatin, and is in relation with the locomotor apparatus. 
Another small nuclear body is situated near the micronucleus and 
is known as the parabasal body or kinetoplast. An undulating 
membrane, a thin protoplasmic membrane attached to one 
aspect of the body like a dorsal fin, may be present. Euglena is 
a common form in ditches, and Noctiluea is the chief cause of 
phosphorescence in the sea ; both are uniflagellate. Volvox and 
Pmtoeoecus are also placed by some in this group. The chief 
parasitic genera are : 

Trypanosoma and T ry pa noplasm a , both of which have an 
undulating membrane, but the former has one flagellum starting 
from the blepharoplast, which is situated at the non-flagellated 
end of the body, the latter has two flagella, one at each end of the 
body. 

Ilerpetomonas (syn. Lept omon as) has no undulating membrane. 
There is a single flagellum starting at the blepharoplast at the end 
of the body (see Fig. 49, p. 463). 

(' fithidia has a single flagellum and a short undulating mem- 
brane starting from the blepharoplast, which is situated at about 
the centre, and running half the length of the body. 

The trypanosomes and other forms living in the blood-plasma 
are known as lisemoflagellates. 

Trichomonas. 

Trichomonas hom in is ( intesti nal is ) is the commonest of all the 
intestinal parasites of man.* It inhabits the large intestine and 
caecum and may occur in enormous numbers, though the infection 
does not seem to he of long duration, and may quickly disappear. 
Ordinarily it appears to be quite non -pathogenic, though Escomel 
in South America states that a dysenteric condition may he 
induced by it. 

The organism has a pear-shaped body 5—15 p in length and is 
actively motile. At the blunt anterior end a spherical nucleus is 
present, just anterior to which is a chromatin granule from which 
three long free flagella, which are directed forwards, and a fourth 
thicker flagellum arise. The latter passes backwards in a slightly 

* On human intestinal protozoa, see Wenyon, Lancet, 1915, vol. ii., p. 1173 ; 
Wenyeaa and O'Connor, Human Intestinal Protozoa (Bale, Sons and Daniels- 

*oiV IM7). 




PLATE XXVII. 


Intestinal Piotozoa (after Wenyon). 

Entamoeba coli. 

a. Small entanmeba, nearly spherical, with vacuolated cytoplasm 
b Large entamoeba of irregulai form. 

r Encysted form with eight nuclei it appears m the fasces. 

Entamoeba histolytica. 

tl Large t*vsue-mvading form containing the remains of five red-blood 
corpuscles. 

v Large tissue-invading form, with pseudopodium and containing the 
remains of two red-blood corpuscles. 
f. Encysted form with four nuclei as it appears in the faeces 

Endamoeba hmae. 

r; Form without pseudo podium showing characteristic nucleus 
h Form with pseudopodium. 

T richomonas uitesti nalis. 
i. Flagellate of normal structure and free flagella. 

k Degenerate form which has lost the flagella and axostyle and has the 
appearance of an aniceba with an undulating border. 

Giardia ( Lambha ) intestinal is 

I. Surface view showing sucking disc, two nuclei and eight flagella. 
m Side \iew of thick form. 
n Encysted f< trim w ith four nuclei 
o Encysted form c* rntammg two flagellates 

Tetramitus mesnih 

p Form diowimi lla uelium m cystostonie 

'/ Encysted form with single nucleus and visible cystostome. 

r . C+rroatonas. s . Bodo . f. Proivazeha. 

u. Balantidium edit as met with in the bowel and tissues. 

*'• Blastocyst is. jr. Hed-biood corpuscle. 

All the figures are drawn to the scale shown, except w, which is half the size 

it should be. 
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spiral manner attached to the border of an undulating membrane, 
and is continued as a free posterior flagellum. Other structures 
present are the cytostome, a slight conical depression near the 
nucleus; a stiff rod running along the base of the undulating 
membrane ; and the axostyle, a clear refractile bar arising near 
the cytostome, and continued through the body towards the 
posterior end where it protrudes through the surface as a sharp 
point (Plate XXVII., i). The cytoplasm is often vacuolated, the 
vacuoles containing bacteria. For diagnosis it is important to 
count the three anterior flagella, as only by this character can 
it be distinguished from two closely allied though much rarer 
forms — Tetratmchomonas, which possesses four anterior flagella, 
and Fentati ichomonas , which has five. The flagella are best seen 
with dark -ground illumination 

Reproduction takes place by longitudinal fission. Encystment 
does not appear to occur, but by a casting off of the flagella an 
amoeboid cytoplasmic mass is formed, still possessing the undulat- 
ing membrane at one edge (Plate XXVII , Jc ). It was this form 
which Castellani probably described as Entamoeba undnlans of 
the human intestine. 

A very similar, though larger (15-30 fx), form, Tt ichomonas 
vaginalis , is common m the vagina 

Species of Trichomonas are common m rats, mice, fowls and 
other animals. Hadley * holds that it is the cause of dysenteric 
affections in turkeys ( fc blackhead disease ’') and poultry, m which 
it causes necrosis of the csecal epithelium and necrotic foci m the 
liver. 

G-iardia (Lamblia) intestinalis 

This flagellate is fairly common and inhabits the upper part of 
the small intestine. Infection is often abundant, and is very 
persistent, and though for the most part unassociated with 
symptoms, from time to time abdominal uneasiness and attacks 
of diarrhoea may occur. In the rabbit the parasite may invade 
the glands of the small intestine. 

Gzardia in shape somewhat resembles the half of a pear split 
longitudinally, and measures 12-18 fx in length. There is a 
rounded flat surface on which is a sucking disc with raised edge 
and convex surface and which terminates in two flagella- Three 
other pairs of flagella are also present, the arrangement of which 
is depicted in the figure (Plate XXVII , l and m). The flagella 
originate from a paired rod-like structure occupying a central 
position in the body of the parasite. Two nuclei are present, one 
on either side of the rods, and these give the organism a peculiar 


* Bulls . 166 and 168, Agricultural Experiment Station of the Rhode 
Island State College, U.S.A., 1916. 
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owl -like appearance when viewed on the flat surface. The 
flagellate is actively motile, is able to curl the tapering tail over 
its back, and attaches itself by the sucker-like disc to the surface 
of the intestinal epithelium. Reproduction appears to take place 
only in the encysted condition. The cyst is clear, oval in shape 
and measures 14 ^ in length. The two nuclei of the parasite 
migrate to one end of the cyst and divide so that four nuclei are 
formed (Plate XXVII., n). The contents of^the cyst then divide 
so as to form two organisms, and the division between the two 
appears as a line running obliquely and longitudinally across the 
cyst (Plate XXVII., o). 

Other Intestinal Flagellates. 

Tetramitus mesnili lias a wide distribution in tropical and sub- 
tropical countries. Small epidemics of diarrhoea have been 
attributed to it. In general appearance, shape and size it 
resembles Tuchomonas hominis , and like the latter has three 
long anterior flagella, but it has no axostyle and no undulating 
membrane. The cytostome is large and forms an elongated slit 
(Plate XXVII ,p). Encysted forms are produced (Plate XXVII ,q). 

Cercomonas, Bodo and Browazelcia are of rare occurrence, and 
it is doubtful if they be true parasites : they may be free -living 
forms accidentally introduced into the host. The general charac- 
ters of these three organisms are sufficiently indicated by the 
figures (Plate XXVII., r, s and t ). 


T RYPANO S O MATA . * 


The trypanosomes are all parasitic in the blood of vertebrates, 
and a blood-sucking invertebrate is almost invariably concerned 
in their natural transmission. Two methods of transmission by 
the mvertebate occur. The common one is the indirect or cyclical, 
in which a cycle of development takes place in the invertebrate 
host which does not become infective until this cycle is completed. 
The second and rarer method is the direct or mechanical one, m 
which the infection is conveyed directly hy the contaminated 
proboscis of the invertebrate host fouled by feeding on an infected 
animal. In the case of each pathogenic trypanosome, some 
indigenous wild animal, tolerant to that form, serves as a reservoir 
from which infection is derived. 

A trypanosome has a slender, flexible, flattened body, one 
extremity of which is bluntly pointed ; the other tapers into a 
single flagellum. A delicate undulating membrane runs along one 


* For current literature on trypanosomes and 
The Tropical Diseases Bulletin, 


trypanosome diseases ? 


see 
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edge of tlie body. The organism lives m the plasma, is actively 
motile, the flagellated end being usually anterior, and measures 
15-30 p, or even 40—50 in length. The protoplasm of the 
organism is finely granular, and near the centre of the body is a 
large macro- or tropho -nucleus, and generally between it and the 
non -flagellated end is the kmetoplast and a smaller micronucleus 
or blepharoplast. From the latter a chromatin filament starts, 
runs along the free edge of the undulating membrane and passes 
into the flagellum. Reproduction takes place by longitudinal 
division, occasionally probably by transverse division, and 
amoeboid and plasmodial masses may be found in the internal 
organs and bone-marrow. The trypanosomes have great morpho- 
logical similarity, which renders them practically indistinguishable 
by structural characters They can usually be differentiated into 
three forms — indifferent, male, and female — which m some cases 
may all occur together, but only become fully differentiated in an 
invertebrate host. The males are slender, active, only slightly 
granular, and with an elongated nucleus , the females are bulky, 
sluggish, granular, and have a rounded nucleus , the indifferent 
forms are intermediate. The males usually soon die off unless they 
conjugate ; the indifferents are more hardy, the females most 
so. The sexual forms conjugate m an invertebrate host, but if 
the mates have died off, both male and female forms may be 
reproduced from the females by a process of jiarthenogenesis 

Trypanosoma gambiense 

In human trypanosomiasis and sleeping-sickness of West 
and Central Africa, a trypanosome ( Tr gambiense ) is the 
causative agent (Pla teXXVIII , b ). It is usually present, though 
scanty, in the blood, but can often be found m numbers m the 
fluid aspirated from the enlarged cervical glands In the later 
stages, when cerebral symptoms ensue, it is found m the 
cerebro-spmal fluid, but scantily, centrifuging being necessary 
in order to demonstrate the parasites. The blood may give 
the Wassermann reaction. The Tr. gambiense is pathogenic 
to monkeys, and to a less extent to white rats and guinea-pigs, 
but the parasites are scanty in their blood. Cattle and certain 
antelopes and other wild game may act as reservoirs of the 
parasite, and it has been seriously suggested to kill off all the 
big game in the affected areas. It is conveyed by a tsetse-fly 
( Glossina palpafos), possibly by other tsetses. 

The tsetse (and x3ossibly other biting flies) may rarely convey 
the disease by direct inoculation. Generally a cycle of develop- 
ment is passed in the tsetse. Within twenty-four hours of feeding. 
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the flies become non -infective and mfectivity is not re-established 
until twenty to thirty days later. The trypanosome first estab- 
lishes itself in the mid -gut and multiplies, producing many slender 
forms in ten to twelve days. These between the twelfth and 
twentieth day migrate into the proventriculus, and from thence 
into the salivary glands. Here they attach themselves by their 
flagella and assume erithidial forms, some of which are re-trans- 
formed into short, stumpy trypanosomes which are the infective 
forms. Development in the salivary glands occupies at least two 
to five days. Infectivity is now re-established, and the flies remain 
infective for at least 70-80 days, and probably for the rest of their 
lives. 

In Rhodesia, a human trypanosome ( Tr. rhodes'iense ) occurs 
which is distinct from, and more deadly than, Tr. gamb%ense. The 
G. palpalis does not occur m the district, and it is conveyed by 
G. morsitans, m which development is similar to that of Tr. gam - 
biense , but occupies a shorter time. In the blood it is indistinguish- 
able from the latter, but in an inoculated rat m a small proportion 
(5 per cent.) of the parasites the trophonucleus is placed close, or 
actually posterior, to the kinetoplast. 

In Brazil another human trypanosome-like parasite was dis- 
covered by Chagas (Tr. or Sehizotrypanum erwzi), which is con- 
veyed by bugs, particularly Tmatoma megista , and other insects. 
It is dimorphic in the blood. Leishmama-like forms occur in the 
heart muscle, which are afterwards transformed once more into 
trypanosomes and regain the blood-stream. 

Tr. brucei is tbe causative parasite of nagana or tsetse-fly 
disease of horses in Africa, and is very like Tr. rhodesiense. 

Nagana is met with in large tracts of country in Zululand 
and West Africa. It especially attacks the equines — horse, 
mule, and ass — in which it is very fatal. The animals become 
anaemic and emaciated ; there is a discharge from the eyes and 
nose, staring coat, swelling of the legs and neck, and fever. 
The animal dies two to six weeks after infection. Oxen are 
also attacked, but a small proportion recover. The dog, cat, 
rabbit, guinea-pig, mouse and rat may be infected by inocula- 
tion with the fresh blood of a diseased animal, and in the 
infected animals the trypanosome is generally abundant in the 
blood and spleen. The disease is conveyed through the bites 
of a tsetse-fly ( Glosshia morsitans and others). The trypano- 
some is believed to live in the big game, from whence it is 
transmitted to horses entering the infected localities. The 
blood loses its infective properties usually within twenty -four 
hours after being withdrawn. 

Surra attacks horses in Burma, Mauritius, and the Philip- 
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pines, and is pathogenic to the same animals as nagana, and in 
the blood a parasite ( Tr . evansi) similar to that in nagana, 
but more active, was observed by Evans Surra is probably 
spread mechanically by biting dies belonging to the genera 
Stomoxys , Hcematobia , and Tabanus. 

The tsetse flies {Glossma) belong to the house-fly order (Muscidae) 
and have a general resemblance to a house-fly, but when at 
rest the wings fold completely over each other. The proboscis 
is long and straight, the wing venation is characteristic, the fourth 
longitudinal vein making two bends, and the antennse are 
peculiarly combed. Instead of laying eggs, the female extrudes 
a single full-grown larva. They are confined to Africa and 
Arabia ; some sixteen species have been differentiated, and they 
occur m forest land m the vicinity of water ( fc * fly-belts 

Tr. equinum attacks horses m South America, causing weakness 
and paresis of the hindquarters mal cle cadet as "). Cattle are 
immune, most other animals susceptible 

Ti . theilen , the largest trypanosome known (50—60 p m 
length), is found in cattle m South Africa, and is not pathogenic 
to any other animal. 

Tr. dimorphum occurs m two forms, large and small, m horses 
m Africa. Is pathogenic to most animals. 

Dourme, a venereal disease of the horse met with m North 
Africa, Spam, and Hungary, is due to the Tr. eqmpetdum , which 
is conveyed by direct contact, and is mainly confined to the 
lesions, being scanty m the blood. It is pathogenic to the ordinary 
laboratory animals. 

In rats a non-pathogemc trypanosome was found by Lewis 
{Tr. lewisi). It is especially met with m sewer-rats, but also 
occurs in field-rats (Crookshank). It is somewhat shorter and 
thinner than the Tr. brucei, and there are other small differences 
between the two forms. With the exception of rats and mice, 
and to a less extent guinea-pigs, other animals cannot he infected 
with the Tr. lewisi. It may be kept alive for long jieriods m the 
blood placed m a refrigerator, whereas the Tr. brucei soon dies 
under the same conditions. The two forms do not protect against 
each other. The Tr. lewist is readdy cultivated, and is trans- 
mitted by the rat-flea, m which it seems to penetrate into the 
epithelial cells of the gut and there undergoes a process of multi- 
plication.* It is passed m the feces of the flea, and a rat ingesting 
the infected feces becomes infected. 

A number of other trypanosomes have been found in the lower 
animals, birds, fish, reptiles, and amphibians. A large and 
characteristic one is generally present in the blood of the eel. 

* Minchin and Thompson, Brit. Med. Journ 1911, vol. ii., p. 361. 
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Leptomonas forms are parasitic in the latex of plants belonging 
to Euphorbia. 

The trypanosomes are usually agglutinated when mixed with 
the serum from an infected animal. 

Hewlett was unable to obtain any toxic or immunising sub- 
stance from ground-up trypanosomes ( Tr . brucei).* 

Levaditi and Twort t found that the filtrate of broth cultures 
of B. subtihs is markedly trypanocidal %n vitro but not in vivo. 

Most of the trypanosomes, Leislimama and other protozoa may 
be cultivated on the Nicolle, Novy, MacNeal (N.N.N.) medium, 
which consists of agar 14 grin , sodium chloride 6 grm , and water 
900 c.c. The constituents are dissolved by steaming, and the 
medium is then filtered through cotton wool, distributed into test- 
tubes, 3 c.c. in each, and autoclaved. To each tube, melted and 
cooled to 55° C., 20 drops of rabbit blood are added. 

Examination of Flagellates and Cieiates. 

(1) Trypanosomes, if numerous, are readily observed in the 
fresh blood. A very shallow cell may be formed on a slide by ringing 
with melted paraffin. For stained preparations the Leishman 
stain or the Heidenham method (p. 454) may be employed. 

(2) Other Flagellates and Cihates may be examined fresh m 
the fluid in winch they are present, by mounting on a slide, and 
covering with a cover-glass one edge of which rests on a bristle 
to avoid pressure. 

(3) Permanent mounts may be made by the Heidenhain 
method. 

(4) Films may be made in the ordinary way, and stained with 
weak carbol-fuchsm or LeishmaiTs stain. (The organisms are 
apt to be distorted.) 

(5) The following method, devised by Housselet (Journ. 
QueJcett Microscop. Club , 2nd series, vol. vi., No. 36, p. 5, March, 
1895), for preserving Fotatoria, may be tried. In those forms 
which are non-contractile, kill by adding a drop of J per cent, 
osmic acid, wash immediately in water, and preserve in 2J- per 
cent, formalin. Contractile forms may be first narcotised by 
adding a drop or two of 2 per cent, cocaine solution, then killed 
with the osmic and preserved as before. 

Leishmaniasis. 

_ This term is applied to a group of diseases caused by a 
similar parasite and widely distributed in tropical and sub- 
tropical countries of the Old and New World. 
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In kala-azar, or tropical splenomegaly, a disease met with 
in India, Assam and the East, a small parasite, the Leishman- 
Donovan body, occurs in large numbers in the spleen and liver, 
also in the lymphatic glands, lungs, and intestinal submucosa, 
and in large mononuclear leucocytes and endothelial cells. 
The bodies are small (2-3 /a) round, ovoid, or oat-shaped masses 
of protoplasm, apparently encapsuled, and contain two 
chromatin masses, one large and oval (trophonucleus), staining 
pale red with Leishman 5 s stain, the other small and rod-shaped 
(rhizoplast), and staining deep red with Leishman (Fig. 49 a). 
They sometimes occur in masses (Fig. 49, c). Leishman con- 
sidered the bodies to be degenerate trypanosomes, but the 



ct b c 

Fig 49 . — a The Leishman-Donovan body 6. The flagellated form 
( Herpetomonas ) developing m citrated blood, c. Seven parasite^ 
m a large mononuclear leucocyte (After Janies, Patton, and 
Rogers ) 

organism is now considered to belong to a distinct genus, and 
is termed Leishmama, Donovani. Rogers succeeded in culti- 
vating it in citrated blood at 20°-25° C. (the NJST.N. medium 
is better), in which it develops into a flagellated form like 
Herpetomonas (Fig. 49, b). The parasite is inoculable into 
certain animals, provided large doses of virus be injected into 
the loin or peritoneal cavity. A bug (Cimex or Conorhinus) 
has been supposed to transmit the disease, but recent evidence 
tends to incriminate the sand-fly {Phlebotomus ) . 

In Oriental sore, or Delhi boil, a parasite practically identical 
with the Leishman-Donovan body is present, but as the two 
diseases run a totally different course, it is probably a distinct 
species ( L . tropica). On cultivation it develops a flagellated 
form. The disease has a seasonal prevalence, and may be con- 
veyed by a sand-fly. 



464 


A MANUAL OF BACTERIOLOGY 


In North Africa, Nicolle observed a Leishmaniasis of children. 
Formerly regarded as another species (L. infantum . ), it is now 
believed to be a variety of L. donovam . It is transmissible to 
the dog (the natural reservoir), and monkey, and can be 
cultivated The disease has been found all along the Mediter- 
ranean littoral. In tropical S. America a naso-pharyngeal 
form occurs (L. americana). 

About 30 per cent, of cases of kala-azar give a slightly 
positive Wassermann reaction, and the serum frequently gives 
a clear jelly with formaldehyde (1 c.c. serum with 1 drop of 
formalin). 

The bodies are well seen in smears stained with the Leish- 
man stain. In kala-azar, smears may be made with material 
obtained by splenic puncture ; in Oriental sores, with scrapings 
from the ulcer. 

Spirochaetes and Spirochaetosis. 

Many micro-organisms are known the cells of which are more or 
less twisted into a spiral. Spirilla are ordinary bacterial organisms 
in which the cell forms a spiral which is comparatively rigid. A 
good example of a spirillum is S. rubrum isolated by Koch from 
the putrefying tissues of a mouse. Under slightly anaerobic con- 
ditions it produces a reddish pigment, as in a stab -gelatin culture, 
but a surface culture on agar or gelatin is nearly colourless In 
broth large numbers of typical spirilla of varying length freely 
develop ; it is actively motile. Gram -negative, a non-liquefier and 
non -pathogenic. 

Other spirilliform organisms occur in which the spiral cell is 
usually filiform and flexuous ; these may be termed in general 
spirochaetes. Some of them are free-living forms, others are para- 
sitic in the blood or tissues of man and other mammals, birds and 
shell -fish, in some cases causing disease. The organisms com- 
monly taper to a point at either end, are motile and flexible, m 
some cases the coils alter from time to time, some possess flagella, 
and a membrane may be present joining the coils. Two nuclear 
structures are described in some of the forms. Reproduction by 
simple transverse division into two is the rule, but in Spiro chaeta 
and Saprospira multiple division occurs, and a form of spore- 
formation is stated to take place in Cristispira and Saprospira. 

The systematic position of the spirochaetes is uncertain. In 
many respects some of the parasitic forms are protozoan-like. 
Thus, they may give rise to affections showing marked periodicity, 
e.g., relapsing fever, be transmitted by a special intermediary, 
such as a mosquito or tick, react specifically to certain drugs, and be 
more sensitive to immune sera than bacteria are. Dobell in par- 
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ticular, however, considers that structurally the spirochaetes are 
more related to the Bacteria than to the Protozoa. 

The spirochaetes may he divided into the following genera : — 

Spirochaeta includes certain free-living fresh-water or marine 
forms. The spiral may be very long and has a fine flexible axial 
filament around which the spiral is wound. 

Spuonema ( Treponema ). — Parasites of syphilis, yaws and 
relapsing fever. The spiral is delicate and wavy, and is without 
an axial filament, and progression is by an undulatory movement. 

Lejitospira — Parasites of yellow fever and Weil’s disease. The 
organism is a delicate s£>iral having a slight C- or S-form, without 
axial filament, and in progression the central portion remains 
rigid, a rotatory movement of the iioles taking place. 

Sapiospira. — Large free-living aquatic organisms. The cell is 
loculated or chambered, and forms a slightly undulating filament. 

Cristispirct . — Large organisms met -with m the oyster and other 
shell-fish The cell is large and chambered, and the turns of the 
spiral are united by a membrane, the crista. 

Spironema recurre)itis ( obenneien ) — Found m the blood- 
plasma, not in the corpuscles, in relapsing fever during the 
febrile paroxysms but not during the intervals, when the 
organisms probably retire to the spleen and liver, where they 
may be found in large numbers. It is very slender and delicate, 
measuring 12 to 16 ft in length, having three to six turns, with 
tapering pointed ends and actively motile (Plate XXIX . a). 
Nicolle, Blaizot and Conseil established the body louse as the 
agent of transmission. Infection is. however, not due to the 
bite of the louse, but to the louse faeces, or to the contents 
of lice crushed by the victim’s scratching, being rubbed 
into the abrasions. The lice become infective about the six- 
teenth day, and not only retain the infection lor the rest of 
their lives, but the spirochaetes pass into their eggs, and these 
eggs and the larvae hatched from them may similarly be 
infective to man. The organism is moculable into monkeys, 
and less readily into rats. A positive Wassermann reaction 
occurs in some 20 per cent, of the cases. 

Xoguchi and Hata * have cultivated this form : the latter 
in a medium consisting of one part of horse-serum and two 
parts of saline. This mixture is placed in tubes to a depth of 
7 cm., which are then heated slowly in a water-bath from 5S° 
to 70° C., at which they are kept for thirty minutes. Small 
pieces of rabbit kidney are then pushed to the bottom of the 
tubes, and the incubation must he carried out anaerobically. 

* Centr, f. Baht., Abt. I. (Originate), vol. Ixxii., 1913, p 107. 
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The spironemes of relapsing fevers in different countries 
have been regarded as distinct species, e.g. 3 S. carteri of India, 
S. novyi of N. America, and S . venezuelense of S. America. 
This is, however, doubtful, but a Persian form, S. berberum, 
and an African, S. duttoni , both of which are transmitted by 
ticks, are regarded as being probably distinct. 

Spironema duttoni. — Found in the blood-plasma in African 
relapsing, or tick, fever. It closely resembles the 8 . recurrentis , 
but is more readily inoculable into rats, mice, and guinea-pigs, 
and the one does not protect against the other. It is conveyed 
by a tick, Ormthodorus moubata . The spironemes remain 
motile for some days after ingestion by the tick, they then 
become non-motile and break up into chromatic granules 
which collect in the Malpighian tubes. If the temperature 
be favourable, spironemes may develop from the granules and 
again disappear. The organisms pass mto the faeces of the 
tick and are inoculated into abrasions of the skin by scratch- 
ing. The eggs of infected ticks are also infected, and the 
infection may be transmitted to the third generation of ticks. 
Leishman believes that certain chromatin bodies present in the 
eggs and nymphs of the ticks are the developmental forms. 

Duval and Todd stated that multiplication of 8 . duttoni 
takes place in vitro in a culture medium made with hens’ eggs 
and mouse blood. Kligler * has been able to cultivate the 
parasite both from the patient and from inoculated rats by 
culture of the blood anaerobically in a medium consisting of 
rabbit serum diluted 1 : 2 with saline, 10 c.c. + 1-0 c.c. 10 per 
cent, peptone solution. Tubes containing 3—4 c.c. of this 
medium are inoculated with 0*1 c.c. of the infected blood, 
mixed, and covered with a layer of liquid paraffin. 

Spironema eurygyratum is a loosely -coiled, very active and 
flexible spirochaete met with in the intestinal canal and 
reputed to be occasionally a cause of dysentery. 

Spironema pertenue, found by Castellani in the yaws granu- 
loma, is a delicate spirochaete closely resembling the S. pallida 
of syphilis, but even more delicate and difficult to stain than 
the last-named. 

Blood spironemes have also been met with in many animals, 
e.g. t cattle ( S . theilen ), mice ( S . muris ), fowls ( S . gallinarum ), 
and geese ($. anserinum). 

Leptospira icterolicemorrkagice. — This is the cause of Weil’s 
Disease, Febrile or Infective Jaundice (Spirochaetosis ictero- 
hsemorrhagica ) . 

* Brit. Journ. Exper. Pathol., vol. in., 19 22, p. 215. 



b Leptospira ictei ohcemorrhagice in liver. Levaditi’s method. 
X 1200. 
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This disease occurs in epidemic and endemic form m Japan 
and other localities, is met with occasionally in Europe, and a 
few cases and small outbreaks have occurred in this country. 
In 1914 Inada * and co-workers discovered a spirochaete in 
the blood of a patient, and this has been confirmed by other 
observers. The organism is present in the blood only in the 
early stage of the disease, and then only m small numbers. It 
is most abundant in the liver (Plate XXIX., 6), sections of 
which may be stained by the Levaditi method (p. 476), and 
may be met with in the spleen, adrenals, kidneys and urine. It 
averages 6—9 p in length, but shorter (4—5 p) and longer (12- 
20 /a) forms occur. Guinea-pigs may be infected by intra- 
peritoneal inoculation with blood taken in the first three to 
six days of illness, and succumb in from five to eight days 
The spirochaete may be cultivated by inoculating melted 
blood-agar or gelatin with blood, covering with a layer of 
paraffin and incubating at 20°— 25° C. for ten to fourteen days. 
"The organism is a natural inhabitant of the various species of 
rats and the field- vole. It may be transmitted directly from 
animal to animal, or possibly by fleas, etc , or by water, food, 
or soil. Infection of man is probably indirect, either by food 
or by contact of infected water or soil with the skin. 

Uhlenhuth and Zuelzer isolated from water a spirochaete 
identical in all respects with L . icterohcemot rhaguv Buchanan t 
has since isolated a similar organism from mud and slime m a 
Scottish coal mine where cases of Weil’s disease had occurred 
This Leptospira is, therefore, capable of a saprophytic exist- 
ence. 

Okell, Dallmg and Pugh I also attribute enzootic jaundice 
(“ yellows ”) of dogs to infection with L ictet oheemot t hag ice . 

Leptospira hebdomad is. — Described by Ido as the cause of 
a seven days 7 fever in Japan. It occurs m the blood and urine 
and is met with m the field-vole. AVhether this disease is the 
same as the seven days 5 fever of India is uncertain. 

Leptospira icteroides . — Various bacteria were isolated from 
cases of yellow fever, notably E. %cteroides by Sanarelli in 1897. 
It was subsequently shown that this organism is identical with 
B. suipestifer (p. 335) and is present as a secondary or terminal 
infection. It was later shown by the Americans, and con- 
firmed by French and Brazilian Commissions, that yellow fever 

* Journ Exjpet. Med , vol. xxiii., 1916, pp. 377 and 557: Foulerton, 
Journ. Pathol, and Bacteriol., vol. xxin., 1919, p. 87. 

t Brit. Med. Journ., 1924, vol. ii., p 990. 

% Veterinary Journal , vol. lxxxi.. No. 1. 

30—2 
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is conveyed only through, the bite of a mosquito, Aedes argen - 
tens ( Stegomijia fasciata). In order to convey infection, the 
mosquito must bite the patient during the first three days of 
illness, but the insect does not become infective until about 
the twelfth day after feeding, and then remains infective 
indefinitely. The Americans showed that yellow fever blood- 
serum filtered through a porcelain filter is still infective, 
suggesting an ultra-microscopic virus. Noguchi,* however, 
discovered a mmute spirochaete 4—9 pu in length. The organism 
was found in the blood and organs of guinea-pigs inoculated 
with yellow fever blood, was cultivated from the animals, and 
also directly from the blood of patients by the same method 
as succeeded for the L. icterohcemorrhagice . 

Spirochaeta morsus-muris . — The cause of rat-bite fever, a 
disease occasionally met with in this country,f but more fre- 
quent in Japan. It is characterised by weekly bouts of severe 
fever lasting two to three days, and follows the bite of a rat. 
Futaki and co-workers J found a spirochaete in the blood, skm 
and lymph glands. A similar spirochaete is occasionally found 
in wild rats and mice. Guinea-pigs, monkeys, rats and mice 
can be infected. Salvarsan, etc., is curative. Streptothrix 
forms have also been isolated from the lesions, but are prob- 
ably merely concomitant infections. 

The organism is a short, squat spiral form measuring 2-6 p 
in length. A flagellum is present at either end, it moves 
rapidly by a rotatory movement, and the spiral is a rigid one. 
In appearance and movement it is unlike a true spirochaete. 
but resembles a spirillum, and it is now regarded as such under 
the name Spirillum minus. 

S. argeniuiensis . — In a certain number of cases of dis- 
seminated sclerosis, the disease can be reproduced in animals 
by injection of the patients’ blood and cerebrospinal fluid 
Spirochaetes are present in the blood and organs and also m 
the inoculated animals. 

Spirochaeta bronchialis . — First described by Castellam and 
met with in a form of bronchitis occurring in the Tropics 

Spirochaetes are also present in the ulcerating granuloma of 
the pudenda of Guiana (Wise) and Australia, in malignant 
growths, in ulcers, in the mouth (p. 547), and in Vincent’s 
angina (p. 267). 

* Journ . Exper. Med., vol. xxix., and vol. xxx., 1919. 
f See Hewlett and Rodman, Practitioner , July, 1913, p 86 
l d ourn. Exper. Med., vol. xxv,, 1917, p. 33. Also Poulerton, Journ. 
Pathol, and Bacterial., vol. xxiii., 1919, p. 83. 
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Remarkable spirochaete-like motile filaments may be 
observed in wet specimens of blood or of citratcd plasma, 
and must not be mistaken for true spiro chaetes. 

Staining Methods. — Blood-smears may be stained with the 
Leishman or Giemsa stain. 

Syphilis. 

In March, 1905, Schaudinn * noted the constant presence 
of a spiriform organism or spirochaete, Spironema pallidum 
( Spirockaeta palhda (Schaudinn), Treponema pallid ant), in 
various lesions in acquired and congenital syphilis. The S. 
pallidum varies from 6 to 15 in length, averaging 8 to 9 p, 
(Plate XXX., a and 6). It is much more attenuated than 
the majority of spirochaetes, having a maximum thickness of 
0*3 fa, has from three to twelve, usually from six to eight, twists, 
forming a close, regular, and narrow spiral, is actively motile, 
and possesses a single delicate flagellum at each end. It stains 
feebly and with difficulty. Another spirochaete, the S. 
refrmgens , frequently accompanies, and must not be mistaken 
for, the S. pallidum in ulcerating lesions , the former is more 
retractile and coarser, has fewer twists and forms a wider 
spiral, and stains deeper and more readily than the latter. 
The S . pallidum is found generally m all primary and secondary 
lesions of syphilis, e.g , the primary sore and adjacent lym- 
phatic glands, m the papular and roseolar eruptions, in candy - 
lomata and mucous patches. It has also occasionally been 
found in the spleen and blood. In congenital syphilis the 
S. pallidum is met with m the bullous eruptions, blood, and 
organs, and is particularly abundant m the spleen and liver 
(Plate XXXI , a and b.). 

Tertiary lesions are generally considered to be non-infective, 
unless ulcerated, and the S. pallidum is usually difficult to find 
in them. It has, however, been detected m the peripheral 
portions of gummata and in syphilitic aortitis, and may persist 
in the body for years after the primary lesion. Noguchi, after 
a careful search, has detected the spirochaete in the brain m 
cases of general paralysis (in 48 cases out of 200 examined) and 
also in the posterior columns in a case of tabes. 

It must be recognised that spirochaetes are of frequent 
occurrence in various non-syphilitic ulcerating and other 
lesions, e.g., in the mouth and in pyorrhoea, in yaws and 
ulcerating granuloma (in yaws they are specific forms ; see 

* Arbeit . a . d. Jcaiser . Gesundheitsamte, xx. } 1905. 



470 A MANUAL OF BACTERIOLOGY 

p. 466), in ordinary ulcers and in carcinomatous tumours. 
Generally the S. pallidum can be distinguished microscopically 
from the other species, but care is necessary. 

MetchnikofE and Roux (also Grunbaum) found that the 
chimpanzee is very susceptible to syphilis, and can readily be 
inoculated from man, the 8. pallidum being found in the 
lesions. 

Macacus rhesus is also somewhat susceptible, likewise the 
M. cynomolgus and the Chinese bonnet monkey, but not the 
mandril. By several passages through a rhesus monkey the 
syphilitic virus becomes attenuated, so that in man it produces 
merely a local lesion.* Syphilis may also be inoculated on the 
eye or testicle of the rabbit. 

When material from a rhesus monkey inoculated with 
syphilis is placed in collodion sacs which are introduced into 
the peritoneal cavity of another monkey, a great multiplication 
of the organism takes place in the contents of the sacs a 
month after the operation, f Noguchi obtained cultures of the 
S. pallidum by making use of serum water (serum 1 part, 
water 3 parts), sterilised for fifteen minutes at 100° C. on three 
days, to which fragments of fresh sterile tissue of a rabbit 
(kidney, heart -muscle) were added. Rabbits are inoculated 
with syphilis in the testicle, and the spirochaete-contaimng 
testicular material is employed to inoculate the tubes, which 
are then incubated at 35°— 37° C. under strictly anaerobic con- 
ditions. Multiplication of the spirochaetes commences forty- 
eight hours after inoculation. The primary cultures are some- 
what difficult to obtain, but once obtained sub -cultivation is 
easy. Both thick and thin forms of the Spironcma were 
obtained, which Noguchi considers may be distinct varieties. 

Although the central nervous systems of rabbits and 
monkeys are refractory to direct inoculation with S. palhdum , 
Noguchi has succeeded in inducing some of the symptoms 
(convulsions) and lesions of general paralysis m these animals 
by the following method. Intravenous inoculations of dead 
Spironema cultures were given every five days over a period of 
five months, an interval of five months was then allowed to 
elapse, and finally the living spirochaetes were introduced into 
the brain, sub durally or intra-cerebrally. 

Levaditi and Marie J hold that two distinct races of S . 
pallidum exist, one the ordinary or dermotropic form, the 

* Metchnilcoff, Journ. of JPrev. Med ., 1906, August. 

t Levaditi and McIntosh, Ann. de Vlnst. Pasteur, xxi., 1907. 

J de Vlnst. Pasteur, vol. xxxni., 1919, p. 741. 
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other the neurotropic form, which causes general paralysis of 
the insane. The former on inoculation causes a typical hard 
chancre, the latter only a squamo -papular erosion. 

Attempts by Metchnikoff and Roux to prepare an anti- 
syphilitic serum by inoculating apes and goats with syphilitic 
virus proved unsuccessful (as did earlier exper im ents with 
other animals by Hericourt and Richet). The syphilitic virus 
as ordinarily introduced into man by sexual intercourse 
probably takes some hours to become generalised, for Me t ch- 
in koff found experimentally in apes that if the site of inocu- 
lation were treated with a calomel ointment up to eighteen 
hours after inoculation infection was prevented. 

By triturating cultures of the Spironema in salt-solution, 
heating to 60° C. for sixty minutes, and adding 0-5 per cent, 
of carbolic acid, Noguchi has prepared an agent, termed Luetin , 
which can be used for a cutaneous reaction for the diagnosis of 
syphilis. In syphilitic infection redness, sometimes becoming 
pustular, develops at the site of inoculation 

The syphilitic virus does not pass through a Berkefeld filter. 
It is readily destroyed by heat (52° C.) and antiseptics 
Adequate treatment with mercury and with salvarsan 606 ” ), 
neo-salvarsan, karsivan, galyl, etc., causes diminution or dis- 
appearance of the spirochaetes 

The W assermann reaction , originally described by Wasser- 
mann, Neisser and Bruck, is now extensively employed for the 
diagnosis of syphilitic infection m all its stages. It is a test 
based on complement-fixation (p. 165), for amboceptor-like 
bodies are present m the syphilitic blood-serum which, m the 
presence of a special antigen, fix complement, this being deter- 
mined by the use of a haemolytic system. When first devised, 
the spirochaete had not been cultivated, so for the antigen 
Wassermann, Neisser and Bruck made use of a saline extract 
of an organ rich in spirochaetes, viz., the liver of a syphilitic 
fetus, assuming that m this way a specific antigen was obtained. 
As a matter of fact, however, the Wassermann reaction, as 
ordinarily performed, is not a specific antigen reaction, for 
various alcohol-soluble and non-specific substances may be 
used as antigen. Moreover, the nature of the substances which 
act as amboceptor and together with antigen fix the comple- 
ment is uncertain ; some regard them as globulins, others as 
lipoids, and while Wassermann considered them to be specific 
anti-bodies, others believe them to be derived from a peculiar 
degeneration or breaking down of the tissues in syphilis. 
Again, the reaction is not confined to syphilis : it may also be 
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obtained (with, the antigen employed for syphilis) in malaria, 
relapsing fever, yaws, trypanosomiasis, -leishmaniasis, and 
leprosy. With a very sensitive antigen, scarlatina may give a 
positive reaction during the first few days of illness, 8ome 
skin diseases, e.g ., psoriasis, tend to give a positive reaction. 
Of the value of the Wassermann reaction as a means of diagnosis 
there is now no question ; it is widely employed and forms a 
part of the present scheme for the control of venereal disease 
in this country. 

The Wassermann reaction is a quantitative one, and as the 
amount of the amboceptor-like bodies which fix complement 
will vary from nil at the time of infection up to a considerable 
amount when the disease is fully developed, and vice versa 
during the period of treatment and cure, border-line reactions 
will at times occur. That is, while some departure from the 
normal is present, this is not sufficiently marked to form a 
basis for a definite diagnosis except in combination with the 
history and with the clinical aspect of the case. It may, 
however, be confidently stated that a well-marked positive 
Wassermann reaction, obtained with the full technique, 
justifies a definite diagnosis of syphilitic infection, provided 
that leprosy, yaws, malaria, leishmaniasis and trypanosomiasis 
be excluded. 

The Wassermann reaction is positive m all cases in the 
primary stage of syphilis, though it does not become manifest 
until at least a fortnight, usually from three or four to six 
weeks, after infection. It is similarly positive m all cases 
during the secondary stage ; in the tertiary stage, some 80- 
90 per cent, of the cases are positive. In para-syphilitic 
affections, e.g ., tabes and general paralysis, some 50 per cent, 
of the cases are positive. In latent intervals, -i c., when there 
are no active symptoms, some 50 per cent, of the cases are 
positive. In cases with lesions of the nervous system, the 
cerehro-spinal fluid frequently yields a positive Wassermann 
reaction when the serum gives a negative one. 

In congenital syphilis a large proportion of the cases yield a 
positive reaction. Adequate treatment of the syphilis leads 
to a condition in which the Wassermann reaction, previously 
positive, becomes negative. In such a case the reaction usually 
becomes weaker and weaker, and finally two or three months 
after the commencement of treatment it becomes entirely 
negative. The reaction is valuable fox estimating the efficiency 
of treatment ; if the treatment is successful the reaction 
remains permanently negative, hut an interval of six months 
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should be allowed to elapse after the cessation of the course of 
treatment before a negative reaction should be accepted as 
proof that the syphilitic virus has been destroyed, and a further 
test after a lapse of twelve months is desirable. Some American 
authors assert that chronic alcoholism induces a condition in 
which the syphilitic individual does not give a positive Wasser- 
mann reaction. The Wassermann reaction is frequently 
absent during pregnancy and is negative in Vincent infections 
(Taylor and McKinstrey). 

The details for carrying out the Wassermann reaction are 
given at p. 477. 

The essentials for carrying out the Wassermann reaction are 

(1) antigen, (2) complement, (3) haemolytic system, and (4) the 
fluid to he tested 

Many modifications of the reagents used and of the method 
of carrying out the test have been introduced, and a brief survey 
of some of these may be given. 

(a) Antigen. The various substances which have been used as 
antigen include .- 

(1) A watery or alcoholic extract of syphilitic fetal liver. 

(2) Alcoholic extract of normal liver or heart-muscle * (human, 
ox, sheep or guinea-pig), with or without previous extraction 
with acetone. 

(3) Alcoholic extract of normal heart-muscle with the addition 
of cholesterm. 

(4) Various artificial mixtures, e g , lecithin and cholesterm, 
sodium glycoeholate or taurocholate. 

(5) Extracts of pure cultures of the Spu onema pallidum obtained 
by Noguchi’s method. 

Probably the most widely employed antigen at the present 
day is number (3), the so-called *' Sachs antigen. 

(b) The Complement . — Fresh gumea-pig serum is generally em- 
ployed as complement, the patient's serum being inactivated to 
destroy its complement. In some methods the patient's serum 
is not inactivated and the complement present m it is that 
used. Fresh rabbit or human serum has also been used as com- 
plement. 

If a foreign serum be used, its complement content can be esti- 
mated, and the proper dose of complement may therefore be 
employed in every test. 

(c) The Heemolytie System . — This may he serum haemolytic for 
ox, sheep, human or other red blood corpuscles, together with 
the homologous corpuscles. The haemolytic serum should have a 

* Heart-muscle is peculiar m that it contains a high content of lipoid 
substances. 
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fairly high titre and the corpuscles be fresh and well washed with 
saline. 

Serum haemolytic for sheep's corpuscles with sheep’s corpuscles 
is the haemolytic system usually employed. The haemolytic serum 
is inactivated. 

As human serum in low dilution is generally (75 per cent.) 
haemolytic for sheep’s corpuscles, the patient’s serum itself 
together with sheep’s corpuscles is used as the haemolytic system 
in some methods, e.g Fleming’s. In the ordinary methods, the 
serum is too diluted for this haemolytic effect to he exerted. 

(d) The Fluid to be Tested . — This will be either the blood- serum 
or the cerebro -spinal fluid of the patient. Either should be free 
from corpuscles. If foreign complement is to be used, the serum 
is inactivated by heating to 56° C. for half an hour. The cerebro- 
spinal fluid is not inactivated. 

The Method. — The Wassermann reaction to be accurate must 
be carried out quantitatively, and the particular volumes of 
the various constituents adopted must always be used. Thus 
Fildes and McIntosh employ the following volumes * 0 1 c c. of 

patient’s serum to be tested, 0 5 c.c. of antigen dilution, 0-5 c.c 
of complement dilution, and 0*5 c.c. of haemolytic system. In 
different methods the total number of volumes of all the consti- 
tuents varies from ten to fifteen, the volume of the patient’s serum 
being taken as one. This variation has no influence on the 
accuracy of the results obtamed, but it may entail some adjust- 
ments of the strengths , and some variation m the quantities, 
of the reagents employed. This, however, is determined by the 
standardisation of the reagents, which is always carried out in 
any method by the same technique as employed m the test 
itself. Although particular volumes of the constituents must be 
adhered to, these need not be definite quantities ( i e., cubic centi- 
metres or fractions of a cubic centimetre), so long as the same 
ratio of volumes is maintained. Thus, in the Fildes and McIntosh 
technique, the volume Y may be any quantity (but not necessarily 
a known quantity), so long as the ratio of constituents 1 V serum 
5 Y antigen + 5 Y complement + 5 V system is adhered to. 

The technique for carrying out the test may therefore con- 
veniently be divided into the “ large volume ” method, in which no 
volume will be less than 005 c c., and the 6 4 small volume” 
method, in which the unit volume used in the test will be under 
0*05 c.c. The author is unable to discern that the “ large volume ” 
method can claim any advantage over the “small volume ” one, 
while the “small volume” method possesses advantages, (1) a 
sufficiency of the patient’s blood may be obtained from a prick, 
and there is no need to puncture a vein, (2) it is more economical 
of the reagents — antigen, haemolytic serum, and complement — 
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and it is rarely necessary to kill a guinea-pig, (3) the time of 
incubation of the mixtures is lessened. 

Clinical Examination for Syphilis. 

A . Examination for the S. Pallidum. 

(1) Examination by dai k-ground illumination . — The sore should 
be carefully cleaned with a piece of wool moistened with saline 
or tap -water. The sore is then firmly squeezed until drops of 
serum exude. If tins fails, the sore may be lightly scraped with 
a blunt-edged scarifier and squeezed. If bleeding occurs, it is 
necessary to wait until it ceases. The serum is collected in a 
capillary pipette. The clear serum is then examined by dark- 
ground illumination as soon as possible. If fresh, the Spironema 
will be motile. 

(2) Indian-mlc method — A drop of serum obtained as in (1) is 
mixed with a drop of Indian ink on a slide and spread in a thin 
film. The film is air-dried and examined with the oil -immersion 
lens. The Spironema appears as a delicate white undulating 
thread on a dark (yellowish to dark brown) background (Plate 
XXX., b). The ink may be either the fluid, provided it is not too 
old, or may be prepared with the stick form Beman's congo-red 
method (p. 82) may be similarly employed (Are must be taken 
not to mistake other spirochaetes, eg , S. leftingem s, for the 
S. pallidum 

If the number of coils of the spiral of the syphilitic spirochaete 
be counted, seven coils will he found m a length equal to the 
diameter of a red blood-cell. The distance from the top ot one 
spiral to the next is from 1 to 1 2 /x. As red blood-cells measure 
about 7*5 jj, in diameter, on an average about seven coils will be 
equal to tbe diameter of a red blood-cell. Tins measurement of 
the length of the spiral is usually possible, and is of the greatest 
value m identifying the S. pallidum A Suitable graticules for 
insertion m the eye-piece for this measurement may be obtained 
from Messrs. Hawksley and Sons. The Spiionema varies in length 
from 6 to 15 y, or even more, and consequently contains from six 
to fourteen and sometimes twenty or more turns. 

(3) Stained preparations. — Smears from chancres, etc., may be 
stained by the Qiemsa method. 

The smears are fixed for ten minutes in absolute alcohol. The 
preparations are then stained m a dilute solution of the Giemsa 
solution for two to twenty-four hours, washed in distilled water, 
dried, and mounted. (The dilute Giemsa is prepared by adding 


See Barnard, Br%t. Journ Exper. Pathol ., vol. iv., 1923, p. 68. 
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one drop of the G-iemsa stain to a cubic centimetre of best ” 
distilled water, and rendering alkaline with one drop of 0-01 per 
cent, potassium carbonate solution.) The preparations may also 
be stained in the undiluted G-iemsa stain for half to six hours. 
Leishman’ s solution may also be used for the Giemsa method. 

Fontana’s method, or some modification of it, may be employed. 
Three solutions are required : 

( 1 ) Fixing Fluid : 

Acetic Acid, 1 c.c. 

Formalin, 20 c.c. 

Distilled water, 100 c.c. 

(2) Mordant : 

Tannic Acid, 5 grm. 

Aqueous Carbolic Acid (1 per cent.) 100 c.c. 

(3) Silver Solution : 

Prepare a 0*25 per cent, solution of silver nitrate m dis- 
tilled water and add just sufficient ammonia to it to 
cause a slight permanent opalescence. 

Prepare films and allow them to dry spontaneously. Fix by 
flooding with the fixing solution for a few seconds and then pouring 
it off and repeating the process several times for not less than a 
minute. Wash well with distilled water. Flood the film with 
the mordant, heat until it steams and treat for half a minute. 
Wash thoroughly with distilled water. Flood with the silver 
solution and warm gently for half a minute. Wash with distilled 
water, blot and dry. The spirochaetes are stained jet-black. 

Sections may be stained by Devaditi’s method : 

(1) Fix pieces of tissue about 1 mm. thick in 10 per cent, 
formalin for twenty-four hours. 

(2) Wash in water, and harden in 96 per cent, alcohol for 
twenty-four hours. 

(3) Wash in distilled water for some minutes (until pieces sink). 

(4) Place in 3 per cent, silver nitrate solution at 37° C. for three 
to five days in the dark. 

(5) Wash in distilled water for some minutes, and then place 
in the following solution at room temperature for twenty-four to 
forty-eight hours. 

Pyrogallic acid ...... 2-4 grm. 

Formalin ....... 5 c.c. 

Distilled water . . . . . 100 c.c. 

(6) Wash in distilled water, dehydrate m absolute alcohol, 
clear in xylol, embed in paraffin, cnt, and mount. 

The spirochaetes are stained black or brown (Plate XXXI.), 
the tissues yellow. 
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B . The Wassermann Reaction. 

For carrying out the Wassermann reaction the method of Fildes 
and McIntosh * will be described (with some slight alterations and 
additions), as it is relatively simple, and is also a standard method 
approved by the Ministry of Health. In this method the unit 
volume is OI c-c. (though 0 05 c.c. may be used) and a total of 
sixteen unit volumes is used m the test. A small volume ” 
technique for the same method is also described (p. 484). 

I. Collection of the Patients’ Serum, etc. — At least 0-6 c.c. 
of blood is required, preferably 1 0 c.c. Many puncture a vein, 
but it is easily collected from the finger or thumb. The patient 
swings the arm vigorously a few times, and a piece of fairly thin 
rubber tubing is immediately wound round the base of the thumb, 
which is then punctured two or three times with a glass ££ pricker ” 
or a surgical needle on the outer side nearly on a level with the 
base of the nail. The blood is collected m a Wright’s capsule or 
a small tube. The specimen is carefully labelled and particulars 
concerning' it are entered in the laboratory register ; it is kept in 
an efficient ice-chest until required. 

On the morning of the test the capsules or tubes are centri- 
fuged in order to separate the serum 

If an efficient ice-chest is not available, or if the specimen has 
been sent by post or badly collected, it is preferable to centrifuge 
at once and pipette off the serum from the clot. 

Cerebrospinal fluid is obtained by lumbar puncture ; it should 
he free from blood. 

II. Apparatus and Materials required for the Test. — (a) Copper 
racks to hold the test-tubes (size as in (b) ) and fitting the water- 
bath ( e ) below. 

( b ) Test-tubes, 3 m. X f m. These should be carefully cleaned 
and finally rinsed m distilled water, drained and dried 

(c) Graduated pijiettes, etc. * 0*1 c.c. m tenths (=0 01 c.c ), 
1 c.c., 5 c.c. and 10 c.c., long form graduated to the point in tenths 
of a cubic centimetre. For measurements above 10 c e., graduated 
stoppered cylinders are used, 50 c.c. and 100 c c. 

( d ) An inactivating water-bath with regulator The hath is 
set for a temperature of 56°— 57° C. A good form of hath is made 
by Messrs. Hearson, which may also he employed for sterilising 
vaccines at 60°— 65° C. 

( e ) For incubating the tubes during the test, a water-bath with 
regulator, set for 37° C., is to he preferred, Messrs. Hearson make 
special forms for the jiurpose heated by gas or electrically (see 


* Lancet , 1916, vol. ii., p. 751. Also Special Rep., Ho. 14, 1918, Medical 
Research Committee, where three other methods are also given, with full 
details. 
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Fig. 50, a, p. 485). The hath should contain movable trays or 
racks with holes of proper size to take the small test-tubes. The 
holes are best arranged in three rows, one behind the other, so 
that three samples of every specimen may be tested simultaneously. 
The holes of each row should be numbered in sequence. Spare 
racks should be provided, so that while one set of specimens is m 
the hath, another set may be got ready. The size of the bath and 
number of racks must depend upon the number of specimens that 
may have to be dealt with Failing a proper water-bath, incu- 
bation may be carried out in the warm (37° C.) incubator, but the 
time of incubation must then be doubled. 

(/) Saline solution. A solution of 0 85 per cent, sodium chloride 
in distilled water ; it should be freshly prepared. 

( g ) Washed sheep’s corpuscles. Collect the blood from a freshly 
killed animal in a stoppered bottle containing a coil of iron wire. 
Fill only half full. Shake gently and continuously until defibri- 
nated. The blood will keep m the ice-chest for three or four days. 
When required, fill the glass centrifuge tubes with the blood and 
centrifuge until the corpuscles are deposited. Eemove serum and 
add salme ; shake and centrifuge. This constitutes the first 
w T ashing. There must be three washings m all. The first may be 
carried out the day before the corpuscles are required. After the 
third washing remove the saline without disturbing the corpuscles. 

(Ti) Guinea-pig complement. On the day of the test kill a 
gumea-pig by cutting its throat and collect the blood m a saucer. 
The animal is first stunned slightly by knocking its head upon the 
edge of the table. Pour the blood from the saucer into a small 
conical glass. Whip 55 to defibrinate with a piece of cotton -wool 
upon the end of an iron wire. Centrifuge and pipette off the 
serum. 

[Complement may be obtained by bleeding a gumea-pig from 
an ear vein without killing the animal. By bleeding two, three, 
or more animals, considerable quantities of complement may be 
obtained. Such pooled serum has the advantage that it is un- 
likely to be anti-complementary. Complement is best used two 
or three hours after collection. Large buck guinea-pigs should be 
chosen. A dry complement, which retains its original titre for 
several weeks in the unopened ampoules, has been placed on the 
market by Messrs. Gans, of Oberwesel For use, it is dissolved m 
distilled water in the proportion of 1 grm. of dry powder to 9 c.c. 
of distilled water. The author has found it quite satisfactory.] 

(i) Antigen. In two bottles A and B. Preparation of heart 
extract (A). Obtain a fresh human heart. With a pair of scissors 
cut off the muscular portions of the ventricles and elsewhere, but 
do not take fat. Mince these pieces and weigh them. Place in a 
mortar with a little sand and grind them up with absolute alcohol. 
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using 9 c.e. of alcohol to 1 grm. of heart. Transfer the whole to a 
well-fitting glass-stoppered bottle, and shake occasionally for one 
and a half hours. Filter through paper into another well-fitting 
glass-stoppered bottle. A deposit may form on keeping, and this 
may be filtered off Cholesterin solution (B). Take 1 grm. of 
pure cholesterin, such as Kahlbaum’s, and place in a well-fitting 
glass -stopx3ered bottle. Add 100 e.c. of absolute alcohol and 
stopper tightly. Shake and heat in water-bath at 40°— 50° C. 
until the cholesterin is dissolved. 

[The author has found the Fildes and McIntosh antigen to be 
very satisfactory. It seems always to work at the strength 
named, and retains the same potency for long periods. The two 
bottles should be kept m a dark cupboard, not in the ice chest.] 

(j) Amboceptor. Serum haemolytic for sheep's corpuscles ; 
this will usually be purchased. [The author has found Messrs 
Burroughs and Welleome’s haemolytic serum quite satisfactory.] 

III. Standardisation of the Haemolytic Amboceptor. — This is 
carried out with an excess of complement and need not be repeated 
for six weeks or more. 

(a) Materials. (1) Saline solution (2) Tube containing 0*5 e.c. 

of the pooled serum of two guinea-jugs and 0*5 c.e. saline. (3) Tube 
containing amboceptor diluted 1 in 1,000 thus • Tube a — ambo. 
0*1 e.c. (exact) -j- saline 9 9 c.c* (shake) , tube b = ! e.c. from 
tube a -f- 9 0 c.c saline (shake) — this is 1 m 1,000 (4) Tube con- 

taining 1 c.c. of deposited washed sheep’s corpuscles -f- 19 c.e. 
saline (shake) (5) Back with nine test tubes 3^4 m. 

(b) Method Fill reagents into the tubes as indicated m 
the table below^. Shake. Incubate m bath for half an hour at 
37° C. and then read off the minimal haemolytic dose — i e., the 
first tube which is absolutely clear If the minimal haemolytic dose 
does not fall between 0 0001—0 0009 c.c. the test can be repeated, 
using the stronger dilution of amboceptor (tube 3a). It is better, 
however, to use an amboceptor which does fall between the first - 
named limits. 


! No. of test-tube 

i 

2 

3 

4 

5 

6 

7 

8 

9 

Pipette to 

J 1. Saline . 

0 8 

0 7 

0 6 

0*5 

0 4 

0 3 

0 2 

0 1 

0 

be used 

5 e.c. 

1 2. Ambo. (tube 
3 6). 

0*1 

0 2 

0 3 

0 4 

0 5 

0 6 

0*7 

0 8 

0-9 

1 c c. 

3. Complement 
(tube 2) 

0*1 

0 1 : 

0-1 

0*1 

0 1 

0 1 

0 1 

0-1 

0 1 

1 c.c. 

4. Blood (tube 4) 

0 5 

0*5 i 

0-5 

0 5 

0*5 

0 5 

0*5 

|05 

0-5 

5 c.e. 


IV. Daily Routine. — (I) Wash, or complete the washing, of 
the sheep’s blood corpuscles. 
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(2) Kill, or bleed, the guinea-pig and prepare the serum fox 
complement. 

(3) Make up fresh, saline solution. 

(4) Standardise the complement in a saline series (A) and in an 

antigen control (33). Materials : (a) Four tubes in the rack, 

front row, for A ; four tubes in the rack, back row, for B. ( b ) Com- 
plement diluted 1 in 24 (0T c.c. complement + 2*3 c c. saline for 
the saline series A. ( c ) Complement two and a half times stronger 
(0 2 c.c. complement + 1*7 c.c. saline) for the antigen control B. 
( d ) Hsemolytic system : 5 per cent, corpuscle suspension con- 

taining amboceptor. This is made up as follows : The quantity 
required is 0*5 c.c. for every tube in the test + 10 c.c. Every 
specimen requires two tubes, and if thirty bloods are to be tested, 
30 + 10 = 40 c.c. are required. The quantities will be as follows : 
(3) corpuscles (centrifuged deposit), 2 0 c.c. ; (2) amboceptor, 

4 m.h.d. per tube — i.e ., if m.h.d. = 0*0005, 0*002 per tube x 80 = 
0*16 c.c. ; (1) saline 37*84 c c. Every half cubic centimetre of this 
mixture will contain 0*002 of amboceptor, the correct quantity 
per tube. Make up in the order of the numbers and shake after 
each addition. ( e ) Diluted antigen, made up as follows : — Emse 
out a clean 1 c.c. pipette with absolute alcohol. Take 0 3 c.c. of 
heart extract and 0*2 c.c. of cholesterin and place in a dry test- 
tube. Run m 7 c.c. of saline and gently mix. 

Method : fill in the eight tubes in the rack as indicated * — 


Front Row (A) for Estimat%ng m.h.d . of Complement. 




1 

2 

3 

4 

(1) 

Saline .... 

0*85 

0 8 

0 75 

0 7 

(2) 

Complement (tube b) 

0*15 

0 2 

0 25 

0-3 

(3) 

Hsemolytic system (tube d) 

0-5 

0*5 

0*5 

0 5 


Back Row (B) for Antigen Control. 



(1) 

Saline .... 

0-35 

0 3 

0 25 

0*2 

(2) 

Complement (tube c) 

0 15 

0*2 

0*25 

0 3 

(3) 

Antigen (tube e) 

0-5 

0-5 

0*5 

0*5 

Shake. 

Place the rack in the water-bath at 37° C 

for half an hour 


Read the m.h.d. of complement in the front row A, and add 0 5 c.c. 
of hsemolytic system (tube d) to each of the back row tubes. 
Return to the water-bath and note whether the tube behind the 
m.h.d. tube is laked (about twenty minutes). If so, the following 
table gives the proper dilution of complement to be used in the 
test ; 0*5 c.e. of the dilution in each case will contain 2\ m.h.d. of 
complement : — 

If m.h.d. is tube 1 use a 1 in. 33 dilution of complement. 

»» „ 2 „ 1 in 24 „ „ 

» j> 3 ,» 1 in 19 ,, ,, 

** tt 4 1 in 16 ,, 
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If the antigen tube behind the m.h.d. tube is not completely 
laked and the next one to the right is, the latter will indicate the 
complement dilution to be used, but if this also is not clear the 
complement is unsatisfactory, and that of another guniea-pig 
must be taken. 

[The object of the antigen control is to eliminate an anti-com- 
plementary guinea-pig serum. Occasionally, a guinea-pig serum is 
absorbed with great avidity by the antigen ; it is then termed 
s% anti- complementary ,5 and is unsatisfactory. 

An active complement gives sharper readings than a weak 
complement, even though the proper dose of the latter be used, 
hence if tube 4 does not haemolyse completely, it is better to use 
the serum of another gumea-pig, though the author has used the 
complement when a dilution as low as 1 in 10 is required for the 
test, but it is not so satisfactory.] 

V. Preparation of Serum for Testing. — At any convenient 
time on the morning of the test the centrifuged specimens are 
assembled and a corresponding number of small clean tubes are 
placed in a rack. These are numbered or otherwise marked (to 
correspond with the particulars that have been entered in the 
register when they were taken) so that every specimen may he 
identified. Some of the serum (about 0*5 c.c.) of each specimen 
is pipetted into its corresponding tube. When all are filled, the 
rack of tubes is placed m the inactivating bath at 56° 0. for 
twenty to thirty minutes. 

[Harrison considers that inactivation at 50° C 1 . for ten to fifteen 
minutes suffices.] 

While the standardisation of complement is pioceeding (or at 
other convenient time) the inactivated sera are distributed into the 
tubes, the amount being 0T c.c of clear serum for a tube This is 
conveniently done with Donald’s dropping pipettes, thus . — ( 1 ) Make 
a pipette from glass tubing. (2) Pass the pipette through a par- 
ticular hole m a wire gauge plate, when it engages cut it off flush 
with the plate. The actual hole to he used is found once and for 
all by experiment. A pipette made in No. 53 Stubbs will deliver 
0T c.c. of serum m 4 drops. Always hold the pipette vertically 
and wash with water between each serum. The exact procedure 
in the test must depend on circumstances. Every specimen 
has to be tested m complement -antigen series with 2^ m h.d. 
complement, and all specimens that are positive must also be 
tested in complement -saline series in case any fix m saline (see 
notes to Section No. VII. on next page) and should he tested in 
addition in complement-antigen series with 5 m.h.d. complement to 
ascertain cc positiveness 55 (see Section No. VIII., p. 484). If less 
than about thirty specimens or so have to be tested, it saves time 
in the long run to test every specimen in all three series, so that 

31 
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three tubes, each containing 0-1 c.c. of serum, are put up for every 
specimen. For a larger number of specimens, one tube of each 
serum is put up and tested in complement-antigen series with 
2|- m.li d. complement, and afterwards all specimens that are 
positive are further tested in complement -saline series with 
2J- m.h d. complement and in complement -antigen series with 
5 m.h.d. complement. 

When cerebro -spinal fluid is to be tested, it is not inactivated, 
and twice the amount (0*2 c.c.) is used for the test. 

VI. Preparation of the Reagents for Use. — (a.) When the coni- 
plement is standardised, make up a sufficient quantity of the 
correct complement dilution (see table, p. 4S0) to allow 0 5 c c. for 
every tube (and a little over) that is -to be tested with 2] m.h.d. 
complement. For the test with 5 m.h.d. complement, make up 
complement double this strength when required. 

(b) Make up diluted antigen as shown m the table below, 
allowing 0*5 c.c. for every tube : — 


Xo. of tubes 

C.c 

Heart. 

Cholesterm 


Saline 

30 = 

15 

= 0*6 

+ 

0 4 

+ 

14 0 

40 = 

20 

= 0 8 

+ 

0*53 

+ 

18*6 

50 = 

25 

= 10 

+ 

0 67 

+ 

23 3 

60 = 

30 

= 1-2 

+ 

0-8 


28 0 


Larger quantities can be made up from this table by addition 
or multiphcation of the quantities given. 

VII. The Test Proper. — Supposing there are a considerable 
number of specimens (more than thirty or so), mix equal quantities 
of the proper complement dilution and antigen dilution so as to 
make as many cubic centimetres of the mixture as there are 
specimens to be tested (and a little more) and without delay 
measure I c.c. of the mixture into each of the series of tubes con- 
taining the sera. Shake and place in the water-bath for half an 
hour. 

At the end of this period add 0*5 c.c. of the haemolytic system 
to every tube and return to the water-bath for a further period of 
twenty to thirty minutes. Then read the results. All tubes 
showing complete haemolysis are negative and the corresponding 
specimens are not further dealt with. But the specimens corre- 
sponding to the tubes which show no, or only partial, haemolysis, 
should then be tested in saline series with 2.} m h.d. complement 
and in antigen series with 5 m.h.d. complement. For every such 
specimen, measure 0*1 c.c. of serum into each of two tubes, thus 
preparing two series of tubes. Mix equal quantities of proper 
complement dilution and saline and introduce 1 c.c. of this 
mixture into each tube of one series. Mix equal quantities of 
double strength complement and antigen dilution and measure l c,c. 
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of this mixture into each, tube of the other series. Shake and place 
in the water-bath for half an hour. At the end of this time, add 
to every tube 0*5 c.c. of haemolytic system and return to the water- 
bath for twenty to thirty minutes and then read the results. If 
all is satisfactory, all the tubes of the saline series should show 
complete haemolysis, while of the antigen series some tubes may 
show complete, other tubes partial, and the remainder no, haemo- 
lysis, indicating respectively that the corresponding specimens are 
j ust positive, decidedly positive, or markedly positive. 

If, however, any specimen gives fixation, partial or complete, 
in the complement-saline series, it must be further tested, irre- 
spective of the results of the two antigen series of tests (see below). 
If the number of specimens is small (below 30 or so), as already 
stated, it saves time to perform, one after the other, the three series 
of tests described above, without waiting for the results of the first 
antigen series. That is to say, th)ee tubes of each specimen are 
taken, 0 1 c.c. of serum m each, so that there are three series of 
tubes. The first series receives the complement -antigen mixture 
(2J m.h.d. complement), the second the complement-saline mixture 
and the third the complement -antigen mixture (5 m.h d comple- 
ment) one after the other. Incubation, addition of haemolytic 
system, and further incubation, are performed as before. 

In actual practice, the method of procedure is to have empty 
racks for test-tubes m the water-bath, and racks with the tubes 
containing the sera on the bench before the operator. The first 
tube is taken from the bench rack, filled with the approximate 
mixture, and pdaced m the water-hath, then the second and so on, 
to the last tube. After the first tube lias been m the water- bath 
half an hour, it is taken out, filled with the haemolytic system, and 
immediately returned to the bath and so on to the end of the 
series. As the operation of introducing the various reagents takes 
approximately the same time, this x>rocedure ensures all the tubes 
having the same incubation (half an hour) without wasting any 
time. 

A serum is occasionally met with which gives jiartial or com- 
plete fixation in saline, i.e ., it is anti-complementary," lienee 
the need for the saline -complement series. 

Any serum which shows partial or conyplete fixation m the 
saline- complement series must be further tested. Dilutions of 
the serum are made with saline (1—2, 1-4. 1-6, 1-8) and tested 
with saline-complement mixture. 

The lowest dilution of serum giving conrplete haemolysis in 
saline is then tested with antigen, and if this fixes the serum is 
regarded as positive. 

Another and better method is to ascertain the limit of fixation 
of complement in saline by testing specimens with 3, 4, 5 . . . m.h.d. 

81 —?. 
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of complement, and then to test in antigen with, this dose of 
complement + 1 m.h.d. complement. If there he inhibition, the 
specimen is regarded as positive. 

A small proportion of sera which react negatively when incu- 
bated directly m the water-bath , are found to be positive if first 
allowed to stand at room temperature. Harrison, therefore, 
recommends that the mixtures stand for half -an -hour before being 
placed in the water-bath. If incubation be done m an air incit- 
bator , this is hardly necessary”, as the temperature rises slowly. 

VIII. Reading the Results. — Complete haemolysis indicates a 
negative, and complete inhibition a definite positive, reaction. 
Between these two extremes, a certain number of sera will give 
intermediate readings — more or less, but not complete, haemolysis. 
When judging between complete inhibition and slight haemolysis, 
the opacity, rather than the colour, should be relied upon. [Some 
place the racks in the ice chest overnight and read the results on 
the next day.] 

[A serum giving a trace of haemolysis only may generally be 
regarded as a weak positive. If there be partial haemolysis, no 
inference can be made without a knowledge of the details of the 
case. Such partial reactions ” are met with during the early 
stages of infection, and in the course of treatment, and the test 
should be repeated — -in the former case after an interval of one to 
three weeks, in the latter after one to three months.] 

The Ministry of Health desires results to be recorded as follows : 

Completely negative = negative — . 

Partial fixation = ±. 

Complete fixation = positive + . 

The Ministry also considers that it is useful to know whether a 
positive specimen is just positive or markedly positive, hence the 
test with complement-antigen with 5 m.h.d. complement given 
above. If a specimen fixes the 5 m.h.d. complement, it may be 
designated Positive + -J-. 

(Some additional notes on the test will be found at p. 488.) 

B '. The Wassermann Reaction. 

Small Volume Technique . 

The following is an account of the Fildes and McIntosh Wasser- 
mann method adapted by the author to a <s small volume ” 
technique. The test is carried out in all respects as m the large- 
volume technique described above, with some alterations in 
detail necessitated by the small volumes employed. The unit 
volume employed is 20 cub. mm., i.e., 0*02 c.c. This is a very con- 
venient volume and is the volume of the hsemoglobinometer 
pipette, so that it. can always be reproduced. Throttled pipettes 
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are used for the measurement of the volumes used in standardisa- 
tions and in the test proper. 

Ordinary pipettes are used for the preparation of the reagents : a 
0*1 e c. pipette m tenths and hundredths for measurement of the 
hsemolytic serum,* 1 c.c. pipettes m tenths for measurements of 
antigen and complement, and 5 c.c and 10 c.c. pipettes in tenths 



Pig 50. — Apparatus arranged for Wassermann test (small-volume) 

method * — 

a Electrically -heated water-bath. 
b Metal rack for small tubes 

c Wooden block drilled with holes for small tubes 

d. Another form of metal rack for small tubes ; it may be immersed 

in a water -bath. 

e. Test-tube rack with test-tubes and throttled pipettes. 

/. Small tube containing complement set m a block of plasticine. 
g . Cylinder with pipettes. 

of a cubic centimetre for making up, and measuring out, the 
dilutions of antigen and complement, and for the sheep’s cor- 
puscles. All pupettes are of the long form graduated to the point. 
Test-tubes of thick glass in ordinary test-tube racks are used 
for the reagents — 4 in. x -J in. for complement dilutions and 
for complement- saline and complement-antigen mixtures, and 
5 m. x f in. for corpuscles, antigen dilution and corpuscle - 
amboceptor mixture. 

For standardisations and for the test, small quill 5 tubes. 


This can be obtained from Messrs. Hawksley, 357, Oxford Street, W. 
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2 In. long by J in. (6*25 mm.) external diameter, are used. They 
♦should be made of glass tubmg, not too fragile, and for convenience 
of cleaning should have rounded (not pointed) bottoms. Racks 
(Fig. 50, b and d), or blocks of wood with holes of appropriate 
size (Fig. 50, e) must be provided to hold the quill tubes ; they 
should have two or three rows of holes, numbered in sequence. 

A water-bath is used for standardisations and the test. The one 
used by the author was made by Messrs. Hearson ; it is m copper, 
and measures 13 m. long, 6 in. wide, and 4 in deep (Fig. 50, a). 
It is heated electrically, controlled by a regulator, and contains 
two removable trays for tubes. One tray has a back row of 
twelve holes, 10 mm. m diameter, and a middle and a front row 
of twelve holes each ; these holes measure about 7 mm. m 
diameter, and hold the ct quill ” tubes. Other trays to fit with 
three rows of twenty numbered holes in each row, 7 mm. m 
diameter, are also provided for the quill tubes. Trays with holes 
of any size may be substituted and the bath used for a 4 4 large 
volume ” technique. 

For the test the author uses three throttled pipettes (Fig. 4, 
p. 41), which may conveniently stand in short test-tubes m a test- 
tube rack (see Fig. 50, e). These throttled pipettes are as follows . 

(a) One with a short stem (about 2\ in.) graduated into 3 unit 
volumes, each | in. in length, and with a fine throttle. 

( b ) One with a shortish stem (about 3 in.) and coarse bore 
graduated at 5 and at 10 unit volumes. For convenience the 
portion of the stem between the 5 and the 10 unit marks may be 
slightly bulbous. The throttle need not be very fine. 

( c ) One "with a shortish stem (2^—3 in.) graduated at 5 unit 
volumes only, and with a coarse throttle. The pipettes are made 
from glass tubing about in. external diameter with not too thin 
a wall. The pipettes are calibrated with the globule of mercury 
obtained by measuring out 20 cub. mm. of clean mercury with 
the hsemoglobinometer pipette. This volume of mercury is dis- 
charged into a clean watch-glass and the globule is tipped into the 
wide end of the pipette before the throttle is inserted and the 
pipette is graduated by tilting the globule to and fro and marking 
the limit of each volume with ink with a mapping pen, and 
subsequently burning in the marks by cautious heating in the 
Bunsen flame.* Calibration should he done soon after the 
pipettes have been drawn out, so that the glass is dry and per- 
fectly free from grease and dust. The ends of the pipettes should 
he cut off perfectly square with a good glass -cutting knife before 
graduation. After graduation the throttle is inserted and 

* Stephens’s blue-black ink is the best. It is a good plan, to concentrate 
5 c.c. to half its volume over sulphuric acid and then to add a little gum, 
preserve well stoppered, and keep this for marking pipettes. 
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cemented in with, sealing wax (for details, see p. 41). Failing a 
luemoglobinometer pipette, the mercury may be weighed out 
(20 cub. mm. — 0 270 grm . , but any other weight might be used 
as the unit volume, e.//., 0 25 or 0 30 grm.). Duplicate pipettes 
should always be at hand in ease of breakage. The pipettes are 
actuated by a stout rubber teat. With care (and luck) these 
pipettes will last many months, with occasional re-marking if the 
graduations become faint. The pipettes should be rinsed with 
saline before use, and with salme and then with absolute alcohol 
alter use. After draining and removal of the teats they may be 
kept in a box. Care should be taken not to wet the throttle, or 
the pipette will not aspirate. If this occur, moisture may be 
removed by absolute alcohol. 

The collection and preparation of the sera, the saline, sheep's 
corpuscles, guinea-pig complement and antigen and daily routine, 
are the same as for the large volume 55 technique described in 
Sections I., II., and IV., pp. 477, 479- Less patient’s blood is 
required, 0-5 e.c. is ample, and about 0 2 c.c. of serum is pipetted 
oft into a quill tube numbered to correspond with the specimen. 
The quill tubes of sera are inactivated for 10-15 minutes. 
Of gumea-pig serum, 2 c.c. are sufficient for forty specimens. Of 
the antigen dilution, 7 5 c.c. suffice for thirty siieennens. The 
sheep’s corpuscles should finally be made up into a 25 per cent, 
suspension (1 vol. of corpuscles -{- 3 vols. saline). 

A. Standardisation of the Haemolytic Amboceptor. — Refer 
to Section III., p. 479, and prej)are aim 1,000 dilution of ambo- 
ceptor, diluted (1 m 2) gumea-pig seium and 5 per cent, suspension 
of sheep’s corpuscles as there described. Take nine quill tubes and 
fill into them the reagents as indicated in the Table, 1 unit volume 
now corresponding to 0 1 c.c. given in that Table, e.g , 8 unit 
volumes now correspond with 0 8 e.c. m the Table 

Incubate the mixtures for half an hour m the watei-batli and 
read off the minimal haemolytic dose, i e , the first tube which is 
absolutely clear. 

B. Preparation of the Haemolytic System. — Each tube m 
the test requires 4 m h.d. of haemolytic amboceptor. But the 
unit volume now being used is only one -fifth of the unit volume 
of the cc large volume ” technique. The amount of amboceptor 
to be used is therefore obtained by multiplying the quantity 
arrived at by the foregoing standardisation (A) by four, and 
dividing by five. Thus, if the fifth tube in the Table on p. 479 
indicates the minimal haemolytic dose of amboceptor, this corre- 
sponds to 0*0005 c.c., and four-fifths of this = 0*0004 e.c., and is 
the amount of amboceptor to he used for each tube. This amount 
of amboceptor, together with 5 per cent, corpuscles, is to be con- 
tained in every 0-1 c.c. of the haemolytic system, as this is the 
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quantity (= 5 unit volumes) used for every tube of tlie test. For 
100 doses of the mixture we should therefore require 0-04 c.c. of 
amboceptor in 10 c.c. of the mixture. Place 8 c.c. of saline m a 
large test-tube, with the 0-1 c.c. pipette measure into this 0*04 c.c. 
of amboceptor, mix, and then add 2 c.c. of the 25 per cent, sus- 
pension of sheep’s corpuscles, mix again, and mcubate the mixture 
for a few minutes. Larger quantities may be made up m a similar 
manner, if required. For example, for 150 doses (= 15 c.c ), we 
should take 0-06 c.c. amboceptor -f- 12 c.c. saline + 3 c.c. cor- 
puscles. 

C. Standardisation of Complement. — Not much is gamed by 
the use of a small volume technique, though it may be employed. 

I now standardise complement by the McIntosh and Fildes tech- 
nique precisely as described m Section IV., 4, p. 480. It is of 
course necessary to have a water-bath tray with holes to take the 
larger tubes required. 

D. The Test. — While the tubes for the standardisation of com- 
plement are incubating, the specimens to be tested may be filled 
into quill tubes ready for the test (1 volume of serum or 2 volumes 
cerebro -spinal fluid). 

When the complement standardisation is completed, the test 
is carried out as described m Sections VI. and VII., p. 482. 

Presuming that tests for positiveness ” will be done (Section 
VIII., p. 484), if there are only a few specimens, say up to thirty, 
it saves time m the end to fill three quill tubes with each specimen. 
Two tubes are then tested respectively with 2% and 5 m li.d. com- 
plement in the presence of antigen, and the third tube with 
2\ m.h.d. complement in the presence of saline. 

If more than thirty specimens have to be tested, one quill tube 
may be filled with each specimen, and is then tested with 2\ m.h.d. 
complement in the presence of antigen. The specimens which are 
positive from this preliminary test may then be tested with 
2\ m.h.d. complement in the presence of saline, and also with 
5 m.h.d. complement in the presence of antigen for positiveness.” 

The amount of complement dilution -f- antigen dilution and of 
complement dilution 4- saline to be made up is 0-2 c.c. for every 
tube and a little over, equal volumes of complement dilution and 
of antigen dilution or salme being mixed immediately before use. 

Notes on the Test. 

Controls . — In botb tbe large and tbe small volume techniques 
it is useful to have a control with known positive and negative 
sera. These may be kept from tbe previous test in tbe ice-safe, 
and on the morning of the test when they are to be used are again 
inactivated. Two tubes are filled with each specimen and are 
tested in saline series and in antigen senes with 2J m.h.d. conrple- 
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menti at tlie same time that tlie unknown specimens are "being 
tested. It is just an additional safeguard that tlie reagents are 
acting properly. 

General Remarks. — Either complete fixation without any 
haemolysis or complete haemolysis is obvious enough. Partial 
haemolysis is also soon readily determined with the naked eye, 
degree of opacity rather than colour being the guide. 

In some methods, 3 m.h.d. complement are used in the test, 
instead of the 2£ m.h d. complement used here. Five, instead of 
four, m.h.d. haemolytic amboceptor are also sometimes employed. 

A porcelain basm containing saline is kept at hand. From 
it the saline for making up antigen solution, haemolytic system 
and complement dilutions and for the quill tubes is pipetted. 
The throttled pipiettes are also rinsed with it between each 
different reagent jnpetted and each specimen of serum, etc. ; 
experience will soon indicate when rinsing is required. 

Two or three thicknesses of white filter-paper. 10 in. x 6 m., 
should be„placed in front of the worker. On this background the 
measurement of the volumes with the throttled pipettes is much 
facilitated and the traces of fluid left m the pipettes are absorbed 
by placing their points upon it. 

Sheep’s Corpuscles. — After washing and centrifuging, 1 volume 
of the well-deposited sheep’s corpuscles is mixed with 3 volumes 
of saline, thus giving a 25 per cent. susx>ension of corpuscles. 

Standardisation of Complement. — ^Supposing haemolysis fails 
m all the tubes of the complement dilutions m the saline seiies, 
this may be due to a variety of causes, such as : 

(1) Poor complement. While it is better then to use* a fresh 
sample of complement, the original complement may he used 
provided a dilution ol not less than 1 in 10 Inemolyses. 

(2) Too weak haemolytic serum. This may he tested by re- 
standardising the haemolytic serum. 

(3) Too strong saline (1*2 per cent, saline will fix). 

(4) The wrong corpuscles are being used, e.g., ox corpuscles 
instead of sheep’s corpuscles may have been obtained from the 
slaughter-house (this has actually happened). 

In the antigen senes, the same causes may act, the antigen may 
he too strong, or the sample of gumea-pig serum he anti-comple- 
mentary. 

Measurement of the Specimens and Reagents. — The serum 
is measured into the quill tubes with the throttled pipette (a), 
p. 486. For 2 or 3 volumes the pipette is charged once with the 
2 or 3 volumes respectively, and 1 volume is discharged into each 
tube. Donald’s drop method may also be used. 

For the complement -antigen and complement -saline mixtures 
the throttled pipette ( b ) is used. The pipette is filled to the 
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10-volume mark, tlie mixture is discharged into the quill tuhe and 
the tuhe is shaken to mix the contents. The quill tubes of the 
size named (6*25 nun.) are just large enough for the contents to he 
mixed hy shaking. 

For the amboceptor-corpuscle mixture the throttled jnpette ( C ) 
is used. The pipette is filled to the 5-volume mark and the mixture 
is discharged into the quill tube, and the tube is shaken to mix 
the contents. 

The serum specimens should be free from haemoglobin so far 
as possible. The presence of haemoglobin seems sometimes to 
increase slightly the fixative power of the serum. 

Bacterial growth m a specimen may likewise tend to render a 
negative serum positive. 

It is not necessary to put up a saline tube as well as an antigen 
tube with each specimen, but any specimen which reacts positively 
in antigen must also be tested in saline to ascertain that it does not 
fix without antigen. 

In hot weather, the tubes containing the complement and the 
complement dilution prepared should be kept m iced water. It 
is better to make up only sufficient complement dilution for the 
work immediately in hand, and to make up more as required 

The Wright’s capsules, tubes into which the serum is pipetted, 
and the tubes used for the test, must he scrupulously clean. 

This caution is particularly necessary as regards the quill tubes 
used in the small volume 55 technique, as they are more difficult 
to clean than larger tubes, and quill tubes with rounded ( not 
pointed) bottoms are, therefore, to he preferred, being more 
readily cleaned. The used tubes may be placed m a bath of 
dilute acetic acid and subsequently rinsed in several changes of 
water, finally in distilled water and then drained and dried. 

Traces of certain reagents, such as absolute alcohol, left in the 
tubes may cause a negative serum to fix complement. 


Stand ardisatiojst of Antigen. 

The McIntosh and Fildes antigen, which is recommended to 
be used, remains remarkably constant for months at a time. 
This or any other antigen may be standardised as follows : 

Method. — -Make up -with saline several dilutions of the antigen 
above and below twice that strength which would probably be used 
for the test (e.g., 1 in 5, 1 in 6, 1 in 7, .. . 1 in 10). Make mixtures 
of these antigen dilutions and complement (the proper dilution of 
the latter, containing 2J- m.h.d., as determined by the standardisa- 
tion in saline described at p. 480), 5 vols. of each, in quill tubes, 
incubate for twenty minutes for fixation to take place. Then add 
5 vols. of the amboceptor-corpuscle mixture (as used for the test) 
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anil incubate for fifteen to twenty minutes. Note which, is the 
highest dilution of antigen which gives complete fixation. For 
the actual test the antigen is used about half this strength . Tests may 
then be done with this dilution of antigen by the Standardi- 
sation of Complement Method,'” p. -180, and the results of the 
saline and antigen series compared. 

The anti -complementary power of the antigen may be tested 
by making a series of tests with the proper antigen dilution with 
and without a negative serum, using 1, 1J-, 2 and 2-|- m.k.d. of 
complement. The antigen -f- negative serum should not fix more 
than about 1J m.h.d. complement. The table below is an example 
of such a test. 




M H D or Complement 


Mixture 

- - 





l 

13 

~> 

2 1 

Saline only 

H 

H 

H 

H 

Antigen only 

H _b 

H 

H 

R 

Saline + seium . 

F 

H l 

H 

1 H 

Antigen + serum 

F 

F 

H 

1" H 


H — complete, and H d: = partial, hyemoly.sis. F — no hemolysis. 


The mixtures were incubated for twenty minutes, the ambo- 
ceptor-corpuscle mixture was then added, and the mixtuies 
incubated for a further period of thirty minutes 

Forges’ Reaction. — If syphilitic serum be added to a solution 
of lecithin or other lipoid substances, m many cases it gives a white 
precipitate. Normal or non-syphilitic* serum gives no precipitate 
Formalin also usually gelatinises syphilitic serum, hut not normal 
serum 

Flocculation Tests for Syphilis. 

A mixture of syphditic serum and antigen under special con- 
ditions gives a white precipitate or opalescence — flocculation. 
With a similar mixture of non-syphilitic serum and antigen no 
flocculation ensues. The flocculation test may therefore be used 
instead of the Wassermann reaction. It came into use as the 
Sachs-Georgi reaction, and has been extended by Dreyer and Ward 
under the title of the sigma (2) reaction. 

The antigen is a stable alcoholic heart extract prepared by 
treating minced calf’s heart muscle with alcohol, filtering off the 
alcohol, drying the muscle residue, extracting the dried muscle 
twice with acetone, again drying, and finally extracting with, 
alcohol. For use, this alcoholic extract is mixed with a 1 per cent, 
alcoholic solution of cholesterin. To make up the antigen solution 
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for use, a mixture of 5 c.c. of lieart extract and 0*25 c.c. of choles- 
term solution is prepared. Two suspensions (« and (3) of this 
are made as follows : 1 c.e. of the mixture is run into a 100 c.c. 

measuring cylinder, placing the point of the pipette on the bottom 
of the cylinder before discharging it. Saline solution (0*9 per cent, 
sodium chloride) is then run in from a special dropping apparatus, 
which delivers 34 c.c. m four and a half minutes exactly, the 
point of the dropping pipette being 36 cm. above the antigen 
mixture. The a suspension is made with 10 7 c.c. of salme, the 
p suspension with 34 c.c. of salme ; they are mixed by gentle 
inversion, not shaking. For the test Dreyer agglutination tubes 
and racks and dropping pipettes are used. 

For each serum, which should be clear, nine mixtures * are made 
for a complete test, using the same dropping pipette throughout* 
as follows : 


Tube 

Drops of 
Saline 

Drops of 

Semm 

Drops of Suspension 

IOnal Serum 
Dilution t 

1 

0 

20 

6 a mixture 

1/1*25 

2 

0 

io ! 

15 /3 

1/2 5 

3 

i 5 


15 „ 

1/5 2 

! 4 

8 

2 ! 

15 „ 

1/13*1 

5 

9 

1 * f 

15 „ 

1/26 4 

6 

0 

10 of 1/20 

15 ,, 

1/53 

7 

5 

X * i 

o , , 

15 „ 

1/106 

8 

8 

2 

15 „ 

1/265 

9 

9 

1 ll 

15 

1/530 


(For Tubes 6-9, serum diluted with salme 1 in 20 is used ) 


Two control tubes are also put up, («) 20 drops salme -f- 6 drops 
a mixture, (b) 10 drops salme -f- 15 drops (3 mixture. All tubes 
are shaken thoroughly after filling. The rack of tubes is then 
placed in a water-bath at 37° C. for twenty to twenty -two hours. 
The level of the water in the bath must be kept constant and 
adjusted so as to cover one-half to two -thirds of the column of 
fluid in the tubes. 

The tubes are “ read after incubation in a darkened room 
against a table-lamp with a frosted 30 e.i>- electric bulb and conical 
shade covered with black paper, or a special illuminated box may 
be used. 


* If it is required to determine only whether a serum is definitely positive 
or negative, the first four or five tubes are all that are necessary. The 
pipette must he rinsed with distilled water and then with acetone and dried 
between each reagent and each specimen of serum. 

f Approximate. The discrepancies among the figures given are due to 
an allowance made for the slightly smaller drops of the antigen suspension. 
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Standard flocculation is the condition when fine fiocenli uni- 
formly distributed throughout the fluid can be readily seen 
with the naked eye. Flocculation will grade from nil through 
trace , standard , to total, in which the fluid in the tube is nearly 
clear, and large flocculi have mostly settled to the bottom. 
Trace can only be seen when viewed with a x 6-magnifying hand 
lens. 

Readings are expressed in units per cubic centimetre of serum, 
to obtain which the dilution of serum with which standard floccu- 
lation is obtained is multiplied by a factor (the suspension factor) 
for the particular heart extract used, divided by 1 56 (time factor 
for twenty-two hours). In some cases, no tube will show standard 
flocculation, e.g,, one will show more, and the next less, than 
standard flocculation. The mean of the two is then taken by 
means of an interpolation table. 

Serums which contain more than 15s units per cubic centi- 
metre are considered positive, from 1 to 1*5 units doubtful (unless 
the clinical condition is known) and to be re-tested after an interval, 
and those containing less than 1 unit definitely negative. Certain 
sera react slowly, and with specimens which are negative after 
twenty to twenty-two hours incubation the series of tubes should 
be returned to the water-bath for a further twenty to twenty- two 
hours incubation If there is any alteration in the readings, the 
unit value is re-calculated (tune factor now is 2 6). Cerebro -spinal 
fluids should not be incubated beyond twenty- two houis. The 
following is an example of the results obtained : — 


Tube l T 
„ 2 T 

„ 3 T 


Tube 4 T 
„ 5 T — 

,, 6 S 


Tube 7 tr ~b 
„ 8 tr 

,, d o 


(T = total, S = standard, tr = trace of, flocculation.) 

Tube 6, therefore, shows standard flocculation The dilution 
of the serum m this tube is 1 m 53, and the suspension factor for 
the heart extract was 1*5. The number of 2 units contained m 

53 x 1*5 

this serum is, therefore, — = 51 nearly, and this serum is 

l*5b 

consequently strongly positive. 

Bacterial contamination and growth during incubation upsets 
the results. Zones of inhibition may also occur, higher con- 
centrations of serum giving a trace of flocculation only, lower ones 
giving standard or even total flocculation. The inhibition zones 
should then be ignored and the unit calculated only from those 
tubes showing a definite fall in degree of flocculation with pro- 
gressive dilution of serum. 

This flocculation method is complicated, requires special 
apparatus, takes more time to obtain the result than the Wasser- 
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mann test, and requires a special heart extract. As a result 
of comparative tests made at Copenhagen in 1923 under the 
Health Committee of the League of Nations, it is reported that 

Flocculation tests cannot at present replace the Wassermann 
test/ 1 (See Dreyer and Ward, Lancet , 1921, vol. i., p. 956; 
Medical Research Council, Special Rep. Series, No. 78, 1923 ; 
League of Nations : Health Organisation, Investigations on the 
Serodiagnosis of Syphilis (Rep. of the Technical Laboratory 
Conference).) 

Kahn 'Precipitation Test. — This is another modification of pre- 
cipitation tests for the diagnosis of syphilis. The antigen is pre- 
jiared as follows : Finely minced beef heart (freed from fat, 
fibrous tissue, vessels, etc.) is spread on a plate and dried in a 
current of air from an electric fan. The dried material is powdered 
and ground fine by passing it three times through a coffee null. 
Fifty grams of the dry powder are placed in a 500 c.c. Erlenmeyer 
flask, covered with ether, and allowed to stand m the ice-chest 
for twenty-four hours. The ether is then carefully poured off the 
sediment, replaced with fresh ether, and allowed to stand as 
before. The washing with ether is repeated once more (three times 
m all), and on the fourth day the last ether wash is filtered off 
and the extracted muscle is spread out on a plate to dry at room 
temperature, until no odour of ether is detectable. To 20 grm. of 
the dry material 100 c.c. of absolute alcohol are added, and the 
mixture is kept for nine days in the ice -chest and for one day at 
room temperature. The alcoholic extract is then filtered off ; the 
yield is usually 70 c.c. To half this quantity 140 mgm. of eholes- 
terin are added and dissolved by rotation of the containing flask. 
The other half of the alcoholic extract is preserved without addi- 
tion of cholesterin. For the test, 0 5 — 1 0 c.c. of the cholesterm- 
antigen is pipetted into a test-tube of § in. bore, and three times 
the quantity of saline (0 85 per cent.) is pipetted into a 10 c c. 
cylinder. The saline is poured into the tube containing the 
antigen, and the mixture is poured from the tube back into the 
cylinder, and is then ready for use Some non-cholesterm-antigen 
is also prepared in the same manner, but using only two parts of 
saline with one part of alcoholic extract. 

To carry out the test, 0-3 c.c. of clear inactivated serum is intro- 
duced into each of two Dreyer agglutination tubes. To one tube 
is added 0-05 c.c. of the diluted cholesterin -antigen, to the other 
0*05 c.c. of the diluted non-cholesterin-antigen. This is repeated 
for every specimen to be tested. The tubes are placed m a rack 
and shaken for three minutes. With strongly positive sera a 
definite precipitation may then be seen, particuarly with the 
cholesterin -antigen. The rack of specimens is then placed in the 
incubator at 37° C. for the night, and the results are read next 
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morning.* This test has given good results in the hands of many, 
and Dudgeon f regards it as simple and reliable, though perhaps 
not so sensitive as the Wassermann reaction. 

Class IV. — Spcxrozoa. 

The Spprozoa are exclusively endoparasitic protozoa, the adult 
lacking organs for locomotion and for the capture of food. They 
multiply by some method of sporulation, often very complex. 
Binary fission is almost unknown in this group. A parasite during 
the nutritive or “ trophic ” phase, when it is absorbing nutriment 
and growing at the expense of its host, is termed a trojAiocoite ; 
when it is mature and ready for sporulation it is termed a spot ozoite 
or schizont. The spores are of various kinds, and may develop 
outside the body of the host or in a second host. 

Order. — Coccidiidea. 

The Coccidiidea, with a single exception, are intra -cellular 
during the trophic stage, and present a dimorxdiism or alternation 
of generations ; the one is endogenous and asporular, deter- 
mining the reproduction of the parasite within the host, the other 
exogenous and sporular and permitting of infection. 

Coccidial Disease of Rabbits. 

This is a disease caused by a sporozoon, the Eimetia stiedie 
( Coceidium oviforme or cunicuh), and often met with m warrens 
and hutches , m some of the former as many as 90 per cent, 
of the animals may be affected. The young animals suffer most, 
and become infected when they cease to suckle and commence to 
eat green food, the adult animal as a rule resisting the disease. 
The affected animals waste, suffer from enteritis, and a large pro- 
portion die in from one to three weeks, the condition being known 
as wet-snout ” among the keepers. The parasites occur 211 the 
intestine, bile-ducts, and liver 111 large numbers. The paiaMtes of 
the liver and of the intestine may he different species. Each 
parasite is ovoid m shape, measuring 36 fx 111 length and 22 fx in 
breadth, is enclosed in a firm translucent cyst, which encircles a 
very granular protoplasm. Sometimes this protoplasm becomes 
condensed so as to form a spherical mass lying free within the cyst 
(Fig. 51, A). In the intestine and bile -ducts the parasites are 
attached to the epithelial cells, and in the liver, if the animal lives 
beyond the acute stage, set up remarkable changes. The affected 

* See Keim and Wile, Journ. Amer. Med Assoc. 5 yoI- Ixxix., 1922, 

p. 870. 

t Lance*, 1924, vol. ii., 599. 
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liver is studded with, greyish-white nodules varying in size from a 
pin’s head to a pea. These nodules consist of dilated bile-ducts 
filled with a much -hypertrophied and convoluted mucous mem- 
brane, which forms branched projections covered with cubical 
epithelium, among which the parasites occur in great numbers 
(Plate XXXII., a). Subcutaneous or intravenous inoculation, or 
inoculation into the liver of a healthy rabbit with the coccidia 
from another rabbit, fails to induce the disease. 



Pro 51. — Diagram of Development of Coccidrum.* 

The eoeeidium has a complicated developmental history, and 
infection seems possible only in one of the stages. In order to 
study the life-cycle the parasite must be placed under suitable 
conditions, and an infusion of rabbits’ faeces, kept at the ordinary 
temperature, is perhaps as good a cultivating medium as any. 
Reproduction may be either asexual or sexual, and may be endo- 
genous, within the host, or exogenous, outside the host. In the 


* This diagram is reproduced by permission from Daniel’s Tropical 
Medicine and Hygiene, 2nd ed., 1913 (John Bale, Sons and Danielsson). 
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asexual cycle, division of the protoplasm and nucleus of tlie cocci - 
drum takes place and the cyst comes to contain large numbers of 
pointed spores. The cyst-wall then ruptures, the spores are 
liberated, pass into other intestinal or hepatic cells and reproduce 
the coccidium once more (Pig. 51, A). In the sexual cycle, the 
protoplasm of some coecidia remains undivided with a single 
nucleus and the cyst has a weak spot, known as the mieropyle ; 
these are the female cells or macrogametes (Pig. 51, B). In other 
coccidia, the protoplasm having attamed maximum growth, 
divides into a mass of actively motile thread-like bodies, the male 
elements or microgametes. The cyst-wall then ruptures, and the 
mierogametes, penetrating the mieropyle of the macrogametes, 
fertilise them (Fig. 51,0). In the fertilised macrogamete, which is 
a zygote known as an Ci oocyst and is non-motile, the mieropyle 
closes and the cyst is discharged with the faeces of the annual. 
On damp ground, the nucleus and protoplasm divide into lour 
spherules. Each sx>herule becomes elongated, and again divides 
into two somewhat crescent -shaped bodies, around each x>air of 
which a new, somewhat spindle-shaped cax>sule forms (Fig 51, u>). 
In this condition, the parasite is very resistant, and may remain 
alive for six months, undergoing no further change unless intro- 
duced into anothei animal. II a young rabbit swallows with 
its food these crescentic spores, the enclosing capsule is dissolved, 
and each crescent becomes a rounded amoeboid ma&s, and this 
again divides uxi into many crescentic spores These spores are 
axyparently motile, and enter the epithelial cells of the intestine, 
gall-bladder, and bde-duets, where a process ot growth and 
differentiation occurs, and the fully developed x > ^ lvlsl t^ is ulti- 
mately reproduced. 

Coceidial disease, or, as it is sometimes termed, psorospeimosi^, 
is occasionally met with m animals, as the sheep, and a wasting 
disease of young pheasants due to coecidia has been desenbed by 
McFadyean. Coceidiosis also occurs m grouse and poultry, due 
to j Eime't ta avviim ; in the latter causing " scour, 1 " which may he 
attended with considerable loss. 

In man, coceidial infections occur m the intestine {Isospot a 
Jiommis, I . wenyoni and Eimena oryspora) and m the liver 
(Eimeria ?), but are rare and probably non -pat hog emc.* 

Rixford and Gilchrist f described two cases of infection of the 
skin and organs, accompanied by great destruction of tissue and 
ending in death, which they ascribed to a coccidium (C. immitis). 
The organisms were spherical, 7 to 27 yx diameter, surrounded by 
a thick capsule, enclosing granular protoplasm. The condition is 
probably a blastomycosis. 


M B 


* See Dobell, Parasitology , vol. xi., 1919, p. 147. 
f Johns Hopkins Hosp. Reps., vol. i., 1895, p. 209. 
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E XAMINATION . 

(1) Tlie eoceidial forms are readily examined in tlie fresh state. 
The only bodies they are likely to be mistaken for are certain ova. 

(2) Paraffin sections of rabbit’s liver containing coccidia may 
be stained much in the same way as tuberculous tissues — viz., 
warm carbol-fuchsin ten minutes, decolourise cautiously in 5 per 
cent, acid, and counter-stain in methylene -blue. Sections may 
also be stained in the Ehrlich -Biondi stain for one to two hours. 

Order. — II m m o sp ori d i a . 

The general characters of this group are : 

(1) Life at the expense of the red blood-corpuscles, at least 
during a portion of the life-cycle. 

(2) Endogenous multiplication by spores, by which the life- 
cycle is repeated within the host. 

(3) Development of a form which becomes free in the plasma, 
and which is the commencement of a sexual cycle to be completed 
in a second host. 

(4) Inoculability, but only from one animal to another of the 
same species. 

The group includes the malaria parasite and similar parasites 
in mammals and birds ( Plasm odidse), the hgemogregarmes (Hsemo- 
gregannidge), and the Piroplasmidse. 

Malaria. 

Malaria is caused by parasitic protozoa belonging to the 
genus Plasmodium of the Plasmodldse, the credit of the dis- 
covery of which must he given to Laver an. 

Infection in malaria is transmitted by certain mosquitoes 
Inoculation of malaria-free individuals with the blood of 
malarial patients reproduces the disease, and the parasites are 
found in the blood of the inoculated persons. Inoculation 
experiments on all animals except man have proved negative. 

In the various forms of malarial fever the parasites have the 
same general characters, though there are distinct differences 
between them, by which they can be recognised and the type 
of infection identified. In each there is one cycle within the 
host, through which the recurrent attacks are developed, and 
another cycle outside the body of the host, whereby the 
infection of fresh individuals becomes possible. Each of these 
cycles needs separate description. 

If the blood of a malarial patient is examined an hour or two 
before, or at the very commencement of, the febrile paroxysm, 
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the parasite will be recognised as a pale, ill- defined mass of 
protoplasm within the red corpuscles, a variable proportion of 
which is infected, the size of the parasite varying in the different 
types of fever. When some hours old a variable number of 
blackish pigment-granules of melanin make their appearance. 
These subsequently coalesce into smaller groups, and the latter 
again into one or two larger, more or less centrally disposed, 
masses. The parasites exhibit more or less amoeboid move- 
ment, and the melanin granules are frequently in a state of 
tremor. Later on most of the parasites (now schizonts) 
become divided into a variable number of segments (mero- 
zoites) which separate and become spherical, the blood- 
corpuscle breaks down, the spherical bodies or spores are set 
free, and a certain number of them, again becoming attached 
to red corpuscles, develop into the first stage of the parasite. 
The melanin granules and some of the spores are ingested by 
phagocytes, and after some time the melanin is deposited in 
the spleen and liver. 

The parasite, termed a plasmodium , or better, an amcehula , 
contains a vesicular nucleus and a nucleolus, and the melanin 
granules are present in the surrounding protoplasm. When 
segmentation occurs, each segment contains a portion of both 
the nucleolus and the protoplasm. The maturation ot each 
“ brood 55 of parasites is coincident with a fresh febrile 
paroxysm. 

In the subtertian (pernicious) form of malarial fever there 
exist m the blood for some time after the subsidence of the 
acute paroxysms well-marked non-motile bodies wuth rounded 
ends, in shape like a slightly curved sausage ; these are the 
so-called i£ crescentic bodies 55 or crescents ” The long 
diameter of the crescent is greater (^) than that of a red 
corpuscle, the protoplasm is finely granular, and contains at 
about the centre several well-marked pigment-granules. The 
extremities of the crescent often appear to he joined by a 
delicate bowed membrane (Fig. 57, / and j, and Plate 
XXXV., a) ; this is the remains of the blood -corpuscle in 
which the parasite has developed. 

When a cc wet 55 specimen of malarial blood from a case of 
pernicious or subtertian malaria is kept under observation 
(p. 510), it not infrequently happens that after a time the so- 
called flagellated cfi bodies ” make their appearance. These 
consist of a central protoplasmic mass attached to which are 
from one to six delicate flagella measuring 20-30 /x in length 
(Fig. 52, c). The flagella are actively motile and disturb the 
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corpuscles, but the body itself does not move much. Frequently 
one or more of the flagella break away and swim free, remaining 
active for several hours. The flagellated bodies are never seen 
in the freshly drawn blood, and Foss found that flagellation 
does not occur if the finger be pricked through a spot of 
vaseline, the blood remaining covered with the film of grease. 
Careful observation has shown that the flagellated bodies 
develop from <e crescents 55 in sub tertian malaria, and from 
special rounded parasites, difflcult to distinguish from the 
schizonts, in the benign tertian and quartan fevers ; these 
cells are sexual elements. 

The flagellated body represents the male cell or cc male 
gametocyte,” the flagella (“ gametes ") being analogous to 



Fig. 52. — Development of the malaria parasite m the mosquito. 
a, b, and c, the male gametocyte ; d , e, and f, the female game- 
tocyte ; /. fertilisation of the female gametoeyte by a micro- 
gamate. (After Ross and Fielding- Ould.) 


the spermatozoa of higher animals. The female cells or female 
gametocytes ox gametes are non-flagellated, and are fertilised 
by the entrance of one of the flagella of a male gametocyte. 
This fertilisation talces place in the stomach (middle intestine) of 
certain species of mosquito , and after fertilisation a series of 
changes ensues resulting in the formation of spore-like bodies, 
which are injected when the insect bites its victim, and thus 
the infection of fresh individuals with the malaria parasite 
takes place. The first demonstration of the nature of flagel- 
lated bodies ” was given by Opie and MacCallum on the 
HaUeridium , a parasite of pigeons, and this forms a good 
example of the value of abstract research to practical medicine 
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(see p. 511). Ross also followed tlie development of the 
malaria-like Proteosoma of sparrows, etc., in the mosquito, 
Culex fatigans. The development of the malaria parasite of 
man in the mosquito is as follows, according to Ross and 
Fielding- Ould . * It is not known what determines whether an 
amcebula will become a sporocyte or a gametocyte. When the 
sexual cells or ce gametocytes 55 are ingested with the blood by 
the mosquito, they pass into the middle intestine. Within a 
few minutes the corpuscles enclosing them break down, the 



Fig. 53. — Development of the malaria parasite in the mosquito. 

(After Koss and Fielding- Ould.) 

parasites are set free, and quickly become spherical or ovoid 
(Fig. 52, c, e, and/). One or two spherical granules are often 
attached to the naked parasites, and may represent polar 
bodies (Fig. 52/ c and/). Very soon the male cells flagellate 
(Fig. 52, c), and before long the flagella or microgametes 
break away from the parent cell, and by their own motility 
make their way through the liquor sanguinis. Should one come 
in contact with a female cell or C£ macrogamete/ 5 it enters the 

* Thompson Yates Laboratories Report , vol. iii , pt. n., p. 183. 
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latter and fuses with, its nucleus (Fig. 52, /), fertilisation is 
thereby completed, and a “ zygote 55 is formed. As the 
zygote at this stage is motile, it is known as a ee travelling 
vermicide 55 or “ ookinete 55 ; it passes into the outer wall of 
the mosquito’s stomach, where it becomes encysted (Fig. 53, 
a, b). At this period the zygote is about 7-8 jul in diameter. If 
development proceeds, it acquires a distinct capsule and begins 
to grow rapidly, and when mature at the end of a week or more, 



Fig. 54. — Diagram of the asexual and sexual cycles of the malaria 

parasite. 

according to the temperature, is a spherical body or oocyst/ 5 
60 /x in diameter, and projects into the body cavity of the 
insect (Fig. 53, b). While development is proceeding, the 
nucleus of the oocyst divides, and twenty to .thirty irregular- 
shaped cells are formed, the “ sporoblasts 55 (Fig. 53, c). The 
sporoblasts grow : their nuclei divide freely, and migrate to the 
surface of the sporoblasts, forming numbers of little spindle- 
shaped cells, or ££ sporozoites/ 5 which are radially disposed 
upon the sporoblasts (Fig. 53, d). When the oocyst reaches 
maturity the sporoblasts disappear, leaving the cyst packed 
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with hundreds or thousands of sporozoites, which measure 
10-12 /x in length, taper at each extremity, and possess a 
central nucleus (Fig. 53, e). The capsule then ruptures, and 
the sporozoites are poured into the body cavitv of the mos- 
quito, and make their way to all parts of the body of the host, 
and accumulate in the salivary or poison glands, whence they 
are discharged by the middle stylet (hypopharynx) of the pro- 
boscis, when the insect cc bites, 55 into the circulation of a fresh 
human host. This cycle of development in the mosquito 
varies from eight or nine days (P. itvax, when the tempera- 
ture is 25°— 30° C.) to eighteen to twenty-one days (P. mala rice , 
when the temperature is 22° C ). . 

The sporozoite in the blood is capable of gliding and con- 
tractile movement, and enters a red blood-corpuscle bv a 
boring action, and develops into the amcebula. The diagram * 
(Fig. 54) represents in graphic form the asexual and sexual 
cycles of reproduction of the malaria parasite. 

So far as is known, malarial infection is conveyed only 
through the bite of infected mosquitoes of the sub-family 
Anophelince. It has been repeatedly proved that infected 
mosquitoes convey infection, and that human beings protected 
from mosquito bites may live in the most malarious districts 
without contracting the disease. 

Mosquitoes ( Cuhcidce ) are distinguished from other mosquito- 
like insects by the fringe of scales on the posterior borders of the 
wings. The common mosquitoes belong to the sub-family Culi- 
cince. The Anojihelince are usually less abundant (but there is 
great variation m different districts), and bite mainly at night ; 
the females alone are blood-suckers. Some species breed in 
natural collections of stagnant, others m slowly running iresh, 
water well supplied with lowly forms of vegetable life. They jkiss 
through the stages of egg, larva, pupa and perfect insect. The 
culicine larva has a dorsal breathing tube at the posterior end of 
the body ; in the anopheline larva this is absent If the head of a 
mosquito be examined with a hand-lens, three sets of appendages 
will be noticed. In the middle is the stout proboscis containing 
the stinging and suctorial apparatus ; situated at the base of this 
are two palpi, one on either side, and outside these again are two 
antennae, which are more or less hairy. The male may be dis- 
tinguished from the female insect by the antennae being much 
more hairy or plumose. In Anophelince, both male and female. 


* This figure is reproduced by permission from Daniel’s Laboratory Studies 
in Tropical Medicine (Bale, Sons, and Danielsson, 190S) 
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the palpi are as long as the proboscis ; in the female Culex (also 
in Stegomyia and' many other genera) they are short and stumpy. 
In Anophelince the scales on the veins of the wings are usually 
arranged in alternating light and dark patches, giving a speckled 
or dapjded appearance, different as a rule from anything seen m 
Culex. (Some Chdiees have a similar arrangement, and it is 
wanting in A. maculipennis and A. bifurcatus ) The front or 
costal margin of the wing in Anophelince is almost always marked 
with dark blotches A narrow dorsal pdate, the scutellum, is 
present at the posterior border of the meso-thorax. In Culicince 
the scutellum is trilobed, m Anophelince it is simqde and rounded. 
Anopheles , as a whole, is a more slender insect than Culex, and 



Tig 55 — The quartan parasite : a, b , e , d, amoebulse ; e, sporocyte , 
f, free spores ; g , female gametocyte with so-called polar body ; 
A, male gametocyte. (After Rees ) 


when at rest its body is all in one line, whereas Culex is angular or 
hump-backed. The important species known to carry malaria 
are Anopheles maculipennis in Europe, N. Africa, and N. America, 
A. bifurcatus in Europe, Myzomyia fwnesta and By retophorus 
co stalls in Central and W. Africa, and Cellia argyiotarsis in tropical 
America. Other species, e.g., Myzorhynchus sinensis, Cellia 
Icochii , and others, are less important carriers. 

(On Mosquitoes, see Alcock, Entomology for Medical Officers, 
ed. 2, 1920.) 

There are probably at least three species of malaria parasite 
occurring in the various types of malarial fever in man, though 
some authorities ( e.g ., Laveran) regard the forms as varieties 
of a single species, and the following axe the differential 
characters between them ; 

(1) Benign quartan fever (Fig. 55). — This is a relatively 
uncommon form of malaria, being frequent only in certain 
districts. The quartan parasite ( Plasmodnum malar ice) com- 
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pletes its asexual life-cycle in seventy-two hours ; there are 
two complete days without an attack, and reckoning the day 
of the previous attack, an attack occurs every fourth day, 
hence the name “ quartan. 55 It commences as a small amoehula 
which is feebly motile. It enlarges, becomes pigmented, and 
motility ceases, the pigment-granules being numerous and 
coarse. The parasite finally occupies nearly the whole of the 
corpuscle, which, however, is but little altered (a-d). 

Towards the end of the apyrexial period the pigment collects 
in the centre, and segmentation takes place with the formation 
of a symmetrical rosette (e), and afterwards of six to twelve 
spores (/). The quartan parasite does not form crescents, and 
the flagellated bodies ( h ), which are rarely seen, are developed 
from large pigmented parasites. 

(2) Benign, or spring , tertian fever ( Fig. 56, Plate XXXIII.). — 
This is the commonest form of malaria. The benign tertian 
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Fig 56 — The benign tertian parasite * a , b , c, ck amuebuke . <®, 
sporocyte ; /, free spores ; g, female gametocyte \\ itli so-called 
polar bodies ; h , male gametocyte (After Rees.) 


parasite ( Plasmodium tnvax) completes its asexual life-cycle 
in forty-eigbt hours, an attack occurring every other day, or, 
reckoning the day of the previous attack, ever} r third day. In 
the early stage it resembles the quartan, but shows much more 
active amoeboid movement. Tbe pigment-granules are also 
finer than in the quartan, and incessantly change their posi- 
tion. The parasite finally invades the whole corpuscle, which 
becomes enlarged and pale. Enlargement of the corpuscles 
is a marked feature in the benign tertian infection (d). 

Segmentation takes place, but is symmetrical (<?), resulting 
in tbe formation of a grape -like cluster of twelve to twenty 
spores ( / ) (Plate XXXIV., a). As in the quartan, no crescentic 
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bodies are developed, and the gametocytes (g, h) are similar 
to, but larger than, the quartan (Plate XXXIV., b). 

(3) The cestivo-autumnal , malignant , pernicious , or sub- 
tertian , fevers (Pig- 57). — This is a common form of malaria. 
The parasite (P. falciparum, Laverania malarice) (or parasites, 
for it has been divided into three species by the Italians) is 
much smaller than the quartan or benign tertian, and when it 
reaches the stage of multiplication it disappears from the peri- 
pheral blood and collects in the internal organs, spleen, liver, 
cerebral capillaries, and bone-marrow. It is actively amoeboid, 
seems to change its position within the corpuscle, and the 
pigment-granules are very fine in the young parasites, but early 
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Fig. 57. — The sub-tertian parasite : a, b , c, amoebulee ; d, sporo- 
cyte ; e, free spores ; f, g, h, female gametocyte , j, h t l, male 
gametocyte. (After Rees.) 

aggregate into large clumps. The fission forms ( d , e) are met 
with only in the internal organs. Multiple infection of the 
corpuscles may also occur. The corpuscles often suffer severely 
from the infection, some being shrivelled and spinous, others 
dark in colour, <e brassy ?? ; they may also be altered or 
destroyed without being actually invaded by the parasite. 
It is in this form that the crescentic bodies appear (/, j, and 
Plate XXXV., a) These, however, are not met with at the 
very commencement of the attack, but appear in a week or so, 
and may persist for long periods. This parasite is met with in 
the sub-tertian, or so-called malignant, types of fever, which 
are characterised by irregularity of the fever, considerable blood 
destruction, sometimes accompanied by hemoglobinuria, and 
cachexia ; coma is another complication in certain instances, 
caused by massing of the parasites in the cerebral capillaries 
(Plate XXXV., 6). 

The cure of malaria by quinine is regarded as being due to a 




b . Ala,! aria. Section of brain of a comatose case, showing 
parasites in the corpuscles m the brain capillaries. X lOOO 
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poisonous action on tlie parasites analogous to that exerted on 
protozoa, other amoebae, injuriously, e.g which are affected by 
a 1-50,000 solution of quinine hydro chlorate. Malaria benefits, 
perhaps sometimes cures, general paralysis of the insane. 

No toxin can usually be demonstrated in the blood of those 
suffering from a malarial attack, but Rosenau and his co- 
workers have found that the filtered blood, taken when the 
temperature is rising , produces a malaria-like paroxysm. 

Bass succeeded in obtaining multiplication of the parasites 
in vitro by defibrinatmg infected blood, and adding a little of 
the defibrinated blood to a mixture of equal parts of human 
serum and 25 per cent, glucose solution and incubating 
anaerobically at 37° C. 

A positive Wassermann reaction may be obtained in malaria 
cases not suffering from syphilis, particularly during the acute 
stage. It may persist for some months, but usually disappears 
with quinine treatment. 

A malaria-like parasite (Bias. Jcochii) occurs m apes, in which 
it produces fever. 

The nature of Blackwater fever, so called from the presence of 
hsematuria and hsemoglobinuria, has given rise to much discussion. 
By some it is considered to he a disease sui gene ns, of unknown 
etiology. By others it is regarded as a form of malaria, either of 
an intense type, or in which the kidneys are especially involved, or 
as due to malarial infection plus quinine. It may be that under 
particular conditions, of the nature of which we are at present 
ignorant, hsemolysins may be set free and cause haemolysis, the 
blood-pigment being eliminated by the kidneys 

J G-. Thomson has obtained much evidence in iavom ot the 
view that blackwater fever is the result of repeated attacks ot 
sub-tertian malaria. Blanchard and Lefrou described lexitospirse 
in the blood , these Thomson considers to be artifact- — the 
pseudo-forms referred to at p. 469. 

Clinical Examination. 

The blood of malarial patients may be examined either in the 
unstained or stained condition. 

Examination in the Unstained Condition. — The finger or lobe 
of the ear is pricked, and a droplet of blood taken up on a 
clean cover -glass, which is then placed upon a slide, so that the 
droplet of blood spreads out into a thin layer between the two 
glasses. The cover-glass may then be ringed with oil or vaseline 
to prevent evaporation. A little practice is required to judge the 
right quantity of blood. The preparation should be examined with 
a in. oil-immersion lens. 
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Examination in the Stained Condition. — Blood films of the 
malaria or other blood parasites, e.g., trypanosomes, must be 
recently prepared to stain well. 

Staining is usually carried out with Beishman’s stain (No. 10, 
p. 78), the films being unfixed. Jenner’s, G-iemsa’s or May- 
Grunwald blood-stain may be similarly used. The stained films 
may be kept unmounted. 

The author is indebted to Dr. A. C. Coles, of Bournemouth, for 
the following method of staining blood-parasites ; 

In order to obtain good stained films of blood containing para- 
sites it is essential to have good slides, well cleaned, a film of blood 
spread as uniformly as possible, and to avoid any precipitation of 
the stain on the surface of the film. 

Slides are best cleaned with whiting or Creta preparata, made 
into a paste with water, or with Windowlein, a preparation used 
for cleaning windows. Bub the whiting thinly over the surfaces 
of the slide, and when dry rub off with a clean cloth. 

The impedimenta required for staining the blood film are : 

(1) Drop bottle of about giq capacity containing distilled 

water ; 

(2) Pipette bottle of about 3*3 to 3nj capacity for the staining 

solution ; 

(3) Bottle of Giemsa’s staining solution ; 

(4) Bottle of Merck’s pure methylic alcohol ; both well corked ; 

(5) A Politzer’s bag ; and preferably, though not essential, 

(6) A curved piece of window glass, 8 in. x 4 in. 

Into the perfectly dry pipette bottle pour some of the Giemsa’s 
solution, and add about twice as much pure methylic alcohol ; 
shake up and keep well stoppered. 

Drop from the pipette bottle just enough of the diluted Giemsa’s 
solution to cover the film. Allow it to act for about ten to twenty 
seconds [if longer, especially m a hot climate, the alcohol evaporates 
and precipitates the stain]. 

Then drop on as much distilled water as the slide will hold — 
that is, about eight times as much water as stain — allow the 
stain and distilled water to mix, and stain for the requisite time. 

It is better, however, in order to prevent the precipitation of the 
stain, to pour off the diluted stain and water from the film on to 
the surface of a piece of slightly curved plate-glass, and imme- 
diately place the slide, film side downward, on this. The duration 
of staining vanes according to the temperature of the room and 
the nature of the film — generally speaking, ten to twenty minutes 
give excellent results ; but a good plan is to remove the film, 
flood off the stain with distilled water, and examine under a low 
power. If the nuclei of the leucocytes are of a ruby-red col out 
the staining is successful. If they are blue, the film is insuffi- 
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eiently stained, and it should he replaced on the staining fluid ; 
if they are blackish red, it is too deeply stained for most purposes, 
and all that is required is to pour distilled water on the surface, 
watching the effect (easily seen by holding the slide over a piece 
ol white paper), and as soon as the whole film is faintly pink the 
staining will be good. This method of staining, generally known 
as Giemsa’s new method, closely resembles EeishmaiTs, but very 
much more distilled water is added. 

The exact tint of colour of the objects stained m this way will 
depend largely on the reaction of the distilled water used to dilute 
the stain. If the water is acdd (as most distilled water is) the 
red blood-corpuscles are stained reddish, if alkaline they are 
often bluish in colour. 

When the film has been sufficiently stained, do not pour off 
the stain and then wash, hut flood off the stain with distilled 
water and so avoid any deposition of preeqjitate. 

After the film has been quickly washed, it is essential to dry it 
as rapidly as possible, otherwise decolourisation proceeds. The 
films should not be dried with filter or blotting-paper ; it tends to 
leave fluff. They are best dried by blowing on the surface with 
air from a Politzer’s bag 

It is essential that the films should be absolutely dry before they 
are mounted, and if they are mounted m Canada balsam or cedar- 
oil they will sooner or later fade and be perfectly useless. The 
best plan is to mount them in parolem or liquid paraffin as 
described by Coles ( Lancet , April 1st, 1911), which has also been 
advocated by Giemsa. 

If the above-named stains are not available staining may also 
be done in a half -saturated aqueous solution of methylene-blue 
or in Loffler’s blue for half an hour, washing in water, and counter- 
staining with a very weak eosm solution for a few seconds, washing 
and drying. Manson recommended treating the films with a very 
weak acetic acid — two or three drops to the ounce of water — to 
dissolve out the haemoglobin, and, after washing, staining m the 
following solution for half a minute : 

Borax ....... 5 parts 

Methylene -blue . ... 0 5 part 

Water . . . . . . 100 parts 

washing, drying, and mounting in xylol balsam. 

Hsematoxylin (Ehrlich’s, or Mayer’s hseznalum) is preferable 
for permanent preparations, and in hot countries, where methy- 
lene blue rapidly fades. The preparations may be count erstained 
with a weak solution of eosin. In all these cases the films should 
be fixed in alcohol and ether or in corrosive sublimate previous to 
staining. 

Boss recommends for rapid diagnosis the use of thick blood fi l m s. 
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from which the haemoglobin is first removed with very dilute 
acetic acid ; the films are then stained with Irishman's stain, 
and examined with a in. objective. 

In order to demonstrate the flagellated organisms Manson 
recommended the following procedure : Thirty or forty strips of 
thick blotting-pajjer (3 m. by 11 in.), each having an oblong hole 
(•J in. by | in.) cut lengthways in the centre, are prepared, moist- 
ened wuth w r ater, and laid on a sheet of window glass. A patient 
is selected in whose blood the crescentic form is plentiful, and a 
minute droplet of the blood, about the size of a pin’s head, is 
expressed from a prick. A clean slide is then breathed on, and 
the droplet of blood picked up on it and spread out with a needle 
so as to cover an area f in. by J in. The slide is immediately 
Inverted over a blotting-paper cell and pressed down sufficiently 
to secure perfect apposition. The rest of the paper cells are 
similarly covered with blood-charged slides. In from half to 
three-quarters of an hour the slides are removed and dried by 
gentle warming, and then fixed with absolute alcohol for five 
minutes. The alcohol is allowed to evaporate, and the films are 
treated with a few drops of 15 per cent, acetic acid to dissolve 
out the haemoglobin. The slides are then washed in water and 
stained with weak carbol fuchsin (20 per cent.) for six to eight 
hours, washed in water, dried, and mounted. 

JSf.JB . — Negative results must be accepted with caution unless 
repeated. Quinine causes the disappearance of the parasite. The 
parasites in the sub -tertian fever disappear during the apyrexial 
intervals (except the crescents), and are most likely to be found 
when the temperature is rising. The parasites of the other forms 
are larger and more obvious just before, or at the commencement 
of, the febrile paroxysm 

General par alt/sis is treated by inducing malaria by inoculation 
with 2—3 c.c. of fresh blood withdrawn from a patient with a 
benign tertian infection. 

Plasmodium prjecox. 

Syn. Broteosoma grass n, Ilamuamceba reltcta. 

This parasite (commonly called c£ proteosoma ”) is met with 
in sparrows and other birds, in which it invades the red blood- 
corpuscles, and its structure and development are practically 
identical with those of the benign malarial parasites of man. It 
grows from a minute granule into an amoeboid plasmodium, 
which ultimately segments and forms a rosette. In some speci- 
mens of blood flagellated male gametocytes make their appear- 
ance, similar to those of malaria, the flagella break away from 
the main mass, fertilise other non-flagellated or female cells. 
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and a series of changes ensues analogous to those occurring in 
the malaria parasite (p. 501). The fertilisation and development 
ol the fertilised cell take place m the stomach of a mosquito 
((hler fafigans ), by which the infection is transmitted to other 
birds. 

Halteridiom daxilewskii. 

This is an elongated, curved parasite (also known as Hcemo- 
proteas or H mmamceba danilewskyi), found in the red corpuscles 
of certain birds (pigeon, crow, etc.), and embracing the nucleus 
(Plate XXXVI., a). By some it is included among the malaria - 
like parasites (Elasmodium,) . At an early stage it much resembles 
the pro teo so ma, but as it grows it becomes elongated and pigment- 
granules appear, which are either scattered throughout the proto- 
plasm or collected in two groups, one at each extremity. Finally, 
the parasite occupies nearly the whole of the corpuscle, dido cat mg 
its nucleus. The fully grown parasites may he differentiated 
into two forms, one of which remains almost completely un- 
stained when treated with methylene-blue, the other stammg 
deeply with this dye (Opie). When the blood is withdrawn, the 
corpuscles disintegrate and liberate the contained parasites, 
which assume a circular outline, and a certain number become 
flagellated. It is only the non-staining form which becomes flagel- 
lated. These two varieties of the parasite are the male and female 
cells respectively, and the fertilisation of the female cell by a tree 
flagellum has been actually observed by MacCallum.* It can 
hardly he doubted that the development ol tlie fertilised cells 
takes place in some insect, but the definitive host has not yet 
been discovered with certainty. 

The presence of these parasites induces rise of temperature, 
deposition of melanin, and changes in, and eiilaigement oi. the 
spleen and liver, analogous to those occurring m malaria m man. 

Somewhat similar parasites are frequent in the blood oi the 
lower vertebrates (see Plate XXXVIII., b). 

The Piroplasmata. 

Syn. JPyrosoma , Babesia. 

The Piroplasmata form a somewhat anomalous group, but are 
usually included in the HsemosporicLia of the Sporozoa. They 
differ from the Blasmodia m the following respects : absence of 
pigment, non -fragmenting of the nucleolus, division into two or 
four only, and frequency of extra-corpuscular forms. They cause 
many diseases in animals, are conveyed by ticks, but are unknown 
in man. (A piroplasma was described as the causative organism 

* Journ. Exper. Med., vol. iii., 1898, pp 79, 103, 117 
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of Rocky Mountain spotted fever by Wilson and Cho wiling, see 
p. 532.) The body of a piroplasma is typically pear-shaped (Plate 
XXXYL, &), but rounded and rod forms occur. Two nuclear 
masses are present, one larger than the other. 

The developmental cycle in the ticks has not been worked out, 
but Koch observed peculiar rayed forms with T. bigemtnitm, 
and Christophers * various developmental forms with P. earns. 
Miyajima states that a piroplasma of Japanese cattle (apparently 
T. pari'um) in blood broth develops into typical trypanosome 
forms, t 

Piroplasma bigemtmim . — This is the parasite of the well-known 
Texas fever of cattle, a disease which is characterised by fever, 
emaciation, anaemia, haemoglobinuria, and enlargement of the 
liver and spleen. 

The disease causes considerable loss among cattle, and is met 
with in various parts of the world, America, Australia, South 
Africa, Malaya, the Philippines, the Roman Campagna, G-reece, 
Roumania, and North Ireland 

In the acute type of the disease a small proportion (1—5 per 
cent.) of the red corpuscles in the peripheral circulation contain 
pairs of pyriform bodies 2—4 p in length and 1*5—2 p in the largest 
diameter. One end of each body is rounded, and the body 
gradually tapers to a point at the other end, and the pair he 
close together, their tapering ends directed towards each other. 
A dark spherical body is present at the rounded end of the parasite 

Some of the young parasites exhibit amoeboid movements 
when the blood is examined on a warm stage. In tlie internal 
organs the parasites are more numerous ; in the kiduey and 
liver 10-25 per cent, of the corjiuscles contain them, m the heart- 
muscle 50 per cent. In the mild type 5—50 per cent, of the 
corpuscles in the circulatmg blood may he infected at one time 
or another, and the parasite appears m some cases as a coccus-like 
body at the periphery of the corpuscle. This appears to become 
enlarged and spindle-shaped, then to taper in the middle, divide, 
and so give rise to the pyriform bodies. Occasionally minute 
free coccoid bodies are seen in the plasma, and at times two to five 
minute (0*5 p) coccoid cells are present in the red cells. After 
death the pyriform bodies seem to become spherical or angular. 

Sexually differentiated gametes are not known with certainty, 
but flagellated forms have been described. 

The disease is transmitted through the bites of ticks (Phipi- 
cephalus annulatus , P. austt alis). The female tick, after biting an 
infected ox and sucking its blood, falls off and lays its eggs ; the 


* Brit. Med. Joum., 1907, vol. i., p. 76. 
f Philippine Joum. of Science, vol ii., 1908, p. 37. 
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eggs hatch. In. two to six weeks’ time, and the daughter ticks 
transmit the disease to other animals through their bites. The 
disease may be to some extent controlled by prophylactic measures 
designed to destroy the ticks, and to prevent infection thereby. 

A partial immunity is enjoyed after an attack of the disease, 
but by repeated attacks the immunity may be rendered absolute. 
By inoculation with the blood of an affected animal in which the 
fever has subsided, a transient illness in the Inoculated animal 
is produced together with partial immunity, and by a second 
or third inoculation the immunity may be much increased. The 
mortality from such a procedure amounts to 3-5 per cent. 

P. parvum causes Rhodesian red-water of cattle. It is not 
directly inoculable, and is conveyed by the tick R. appendicidatus . 

P. equi causes biliary fever m horses. 

P. canis causes epidemic jaundice in dogs (Plate XXXVI., 5). 
It is conveyed by the ticks Hcemnaphy salts leachi in South Africa, 
R. sanguineus in India, and JDermacentor reticiilcitus in Europe. 
(On Ticks, see fSTuttall and others, in Jo urn, . of Hygiene , vol. iv. 
et seq and Parasitology , vol. i. et seq,) 

H^mogregaeina. 

The Hjnmogregarines (which must be distinguished from the 
Gregarmes) are unpigmented parasites, not amoeboid, typically 
having an elongated body or vennicule, occurring in the blood, 
mostly in cold-blooded vertebrates, but several species have of 
late been found m mammals (dog, jerboa, palm squirrel), though 
not in man. In the dog, the parasite [Reucocytozoo n cams) occurs 
as an elongated, curved or doubled-up body in the polymorpho- 
nuclear leucocytes. It is encapsuled and contains a single granular 
nucleus. Encystment with sporulation occurs in the bone- 
marrow, and a sexual development is stated to occur in a tick. 

Another typical form, Hwmogregarina ( Drepanidium -, Ran- 
Jcesterella) ranarum , inhabits frogs (Rana esculenta ), and possesses 
both an intra- and an extra-corpuscular phase. In the former the 
parasite occurs as an elongated gregarme-hke body within the 
red corpuscles. The extra- corpuscular phase, commencing within 
the corpuscles, ends in an elongated organism possessing a ver- 
micular movement, and free in the plasma. Similar parasites are 
frequent in the lower vertebrates, e.g snakes (XXXVIII., 6). 

Order, Mixosporidia. 

In this group the trophozoite is amoeboid, aud the species are 
almost exclusively parasites of fish, in the young stag© being 
intracellular (“ fish psorosperms ”). 
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Order, Microsporidia. 

The Microsporidia are cell parasites of invertebrates, especially 
arthropods, and the trophozoite is more or less amoeboid. 

Nosema bombycis causes pebrine, a disease of silkworms, which 
is of considerable importance commercially, for the silk industry 
in France was once threatened with extinction owing to its ravages. 
The infected worms do not grow normally, cease to eat, and die, 
or may form abnormal pupae. Within the body of the affected 
worms a large number of roundish, highly refractile corpuscles are 
found. Pasteur ascertained that the disease was propagated 
by healthy worms eating with their food the excreta of infected 
ones. The moths were thus infected, and laid infected eggs. By 
allowing each moth to lay its eggs separately, and subsequently 
examining the body of the moth microscopically, he was able 
to separate the healthy from the diseased, and the eggs of the 
former were kept, while those of the latter were destroyed. 

Another disease of silkworms is known as flacherie, but is due 
to a bacterium. Micrococcus bombycis . It is contagious, and can 
be transmitted by inoculation. 

The Isle of Wight bee disease was supposed to be caused by a 
parasite ( Nosema apis, Fantham) belonging to this order. Bennie 
now states that it is due to a minute mite which blocks the 
tracheal tubes. Foul brood of bees was formerly supposed to be 
caused by an aerobic bacillus forming large central spores (B. 
alvei , Cheshire and Cheyne), but is now regarded as being due to 
the B . pluton in the European disease, and to B . larvce m the 
American disease.* 


Order, Sarcosporidia. 

The parasites belonging to this order are not thoroughly 
worked out. They complete their life -history m the substance 
of striated muscular fibres : such are the well-known Miescher’s 
corpuscles. Few instances of this class of parasite are recorded 
in man, but it occurs in the monkey f and also in the ox. T* 
Smith J describes the characters and development of a species 
found in mice. 


* See U.S. Dept. Agriculture, Bulls. 809 and 810. 
f Be Forte, Journ. of Hygiene , vol. v., 1905, p. 451. 
t Journ. JSxper. Med., vol. vi.. No. 1, 1901, p. 1. 



CHAPTER XIX. 


THE NEUROTROPIC VIRUSES : HYDROPHOBIA — IN' PANTILE 
PARALYSIS— ENCEPHALITIS LETHARGICA— HERPES. 

Certain infective conditions the viruses of which attack 
the central nervous system are considered in this chapter. 
The causative organisms are unknown, or are at least prob- 
lematical, and in some instances are filter-passers. It is true 
that cerebro-spinal fever is similarly neurotropic, but as it is 
caused by a bacterium, the characters of which are well 
established, it has been discussed elsewhere. 

Hydrophobia. 

Hydrophobia attacking man is invariabl}^ contracted 
through the bite of an animal affected with the disease. In 
the lower animals the disease is termed rabies, and occurs in 
the dog, cat, fox, wolf, jackal, camel, deer, horse, ox and 
sheep, and other animals can be infected by inoculation The 
disease may assume two forms — the raging and the paralytic. 
The latter is not met with m man, unless certain rare forms of 
acute ascending paralysis ( e g. Landry’s) be manifestations of 
it. In the dog either may occur, but m rodents the paralytic 
form is almost always the one assumed. The incubation 
period in man is very variable ; it is never less than about 
twenty days, and possibly may be as long as two years, or 
even more ; it is usually about seven to ten weeks. (Dolbey * 
states that in Egypt the disease never develops later than 
forty days after a dog-bite.) In the dog it is usually two to 
three months, and in the rabbit, after inoculation from the dog, 
about two to three weeks. After onset, the disease is invariably 
fatal in the course of a few days. 

The virus resides m the central nervous system, as was 
shown by Pasteur, in the saliva and salivary glands, in the 
lachrymal glands and adrenals, and to some extent in the 
spleen, but the lymph glands, blood and tissues generally are 
non-infective. The central nervous system preserved in gly- 
cerin retains its infectivity for several months. 

* Lancet , 1924, vol. i., p. 538* 
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Emulsions of brain, etc., filtered through a porcelain filter 
are usually non-infective, but Remlinger found that after very 
complete trituration the virus may pass through such a 
filter. 

No micro-organism has been demonstrated with certainty 
in rabies. Negri described the constant presence of structures 
— the Negri bodies — particularly in the grey matter of the 
hippocampus major, which he regards as protozoa. They are 
of varying size, apparently encapsuled, taking a pink colour 
in smears stained with eosm and methylene-blue, the smallest 
spherical and structureless, larger ones with a central granule 
or nucleus, the largest, round, ovoid or elongated, containing 


6 



Fig. 58. — Smear from hippocampus major of rabid dog nucleus 
of nerve-cell; 6, 5, the Negri bodies (eosm and methylene-blue). 

( After Williams and Lowden.) 

several (as many as eight) granules (Fig. 58, b } and Plate 
XXXVII., a). They occur abundantly in animals suffering 
from chronic rabies, but in the acute type are scanty, though 
still to be found ; in “ fixed virus 55 (p. 517) they are very 
small. So constantly are the Negri bodies present in rabies, 
and absent in non-rabic conditions, that their presence or 
absence forms a rapid and simple means of diagnosis. 

Inasmuch as the rabies virus is filtrable, the view taken by 
Pro’wazek of the nature of the Negri bodies is that they repre- 
sent the tissue reaction to invasion by the parasite, the parasite 
being an extremely minute one contained within the Negri 
body and belonging to a group of the Protozoa termed the 
CJilamydozoa. In the same category he would place the 
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trachoma bodies, the Mallory bodies of scarlatina and the 
Councilman bodies of variola. Hoguchi believes that the Negri 
bodies or derivatives from them can be cultivated in his 
medium used for the Spirojiema 'pallidum (p. 470). 

Manonelian and Viala * by certain methods of staining 
find small (above and below 1 pi) somewhat oat-shaped bodies 
in rabies. They are present in all tissues which contain the 
virus and are mostly mtra- cellular. They regard these as the 
specific organism (EncepJialitozoon rabiei). 

Babes states that the virus is destroyed at a temperature 
of 60° C. He described certain lesions present in the medulla 
in cases of rabies, the so-called rabic tubercles. These consist 
of an invasion of the peri-ganghomc spaces by an accumula- 
tion of round-cells, with degeneration of the cells of the bulbar 
nuclei. 

Van G-ehuchten described as pathognomonic of rabies cer- 
tain lesions m the sympathetic and cerebro -spinal ganglia, 
especially those of the pneumogastric. These ganglia consist 
normally of a supporting tissue holding in its meshes large 
ganglionic cells with distinct well-stainmg nuclei, each being 
enclosed in a capsule lined with endothelium. The changes in 
rabies consist in atrophy of the ganglionic cells, which become 
shrunken and no longer fill the enclosing capsule, and their 
nuclei at the same time become ill-defined and stain badly. 
A number of new-formed cells also appear within the gan- 
glionic capsules Similar changes occur m the spinal cord — 
degeneration and destruction of the large motor cells and 
infiltration with round cells. 

Pasteur showed that the virus can be attenuated by desic- 
cating the infective nerve matter, and m this way was able to 
prepare a vaccine which protects animals from otherwise fatal 
doses of the virus. Advancing a step further, he used his 
vaccines to treat individuals who had been bitten by rabid 
animals, but in whom the symptoms had not yet developed, 
and so inaugurated the present system of anti-rabic inoculation 
as carried out at the Pasteur and other Institutes. 

To prepare the anti-rabic vaccines, a rabbit is inoculated 
sub dur ally with an emulsion made from the medulla of a 
rabid dog. When the animal dies, a second rabbit is similarly 
inoculated from the first, and the passage through rabbits is 
continued until a cc fixed ” virus is ob tamed, with which the 
first symptoms appear on the seventh or eighth day, and which 
kills with certainty in about ten days. This having been 
* Ann . de VInst. Pasteur , vol. xxxviii., 1924, p. 258. 
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attained, two or three rabbits are inoculated subdurally every 
day, so that there is a daily supply of animals dead of the 
disease. The spinal cord is removed, with aseptic precautions, 
cut into convenient segments, and suspended in bell jars con- 
taining a layer of solid caustic potash at the bottom, which 
serves to desiccate them. The jars are dated, and preserved in 
glass cases in a dark room, kept at a constant temperature of 
about 23° C. In Paris the vaccine fluids are prepared by 
triturating portions of the dried cords in sterile broth, so as to 
form an emulsion — 1 cm. of cord in 5 c.c. of sterile broth, of 
which 1 c.c. ( i.e ., 2 mm. of cord) forms a single dose. At the 
commencement of treatment the cords which have been dried 
for fourteen days are used, at the end of treatment those which 
have been dried for only three days ; the latter are much more 
vnulent, and would communicate the disease but for the pre- 
vious treatment. The rabbits employed should all be of the 
same weight (2J kilogrammes in Paris) ; if the rabbits are 
small, a slightly shorter period of desiccation of the cords 
would be necessary. The treatment varies in duration accord- 
ing to the severity of the case, which is gauged by the number 
and situation of the bites and by the species of animal. Bites 
on exposed parts are regarded as much more serious than those 
through clothing, and on the face, where efficient treatment is 
difficult, than on the hands, and wolf -bites than dog-bites. 

The doses are injected subcutaneously m the flank, and do 
not produce much constitutional disturbance. At first there 
is a feeling of lassitude, and considerable muscular tenderness 
at the site of inoculation, which later on passes off. At Lille, 
where only a few cases are under treatment at a time, the 
cords, after drying for the requisite period, are placed m pure 
sterile glycerin, in which they retain their virulence unimpaired 
for about a month, a rabbit being inoculated occasionally as 
required. The system of dosage employed at the various anti- 
rabic stations differs somewhat ; the table on the next page 
gives that employed at Lille, 2 mm. of cord being emulsified 
in 5 c.c. of sterile broth, or physiological salt solution. 

At Buda-Pesth a dilution method has been employed ; 
instead of drying the cords, an emulsion is made with the 
fresh cord, and this emulsion is considerably diluted for the 
earlier doses, dilutions of 1 in 10,000 to 1 in 6,000, correspond- 
ing to^cords dried for from fourteen to eight days. Semple * 
found that a carbolised emulsion of the cord may be employed 
and keeps for months. An 8 per cent, emulsion of the cord in 
* Sc. Mem . Gov. of India, No. 44. 
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physiological salt solution with 1 per cent, carbolic acid is 
kept at 37° C. for twenty-four hours. At the end of this time 
an equal volume of saline is added and the emulsion bottled 
aseptically. 

The Pasteur inoculations protect animals from rabies, the 
duration of immunity after vaccination m the dog being at 
least three years. In man the efficacy of the treatment can 
only be judged by statistics. The mortality after bites by 
supposed rabid animals among the untreated is variously 
stated, the most favourable being about 16 per cent. (Leblanc). 
At the Pasteur Institute, Paris, from 1888 to 1921, the annual 
mortality per cent, of persons treated varied between 0-0 and 

Ordinary Treatment. j Ordinary Treatment. 


Day of 


Days of 


Day of 

Days of 

treat- 


desiccation 

1 treat- 
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ment. 


of cord. 
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13 
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9 and 

8 

For Severe Bites, in 

Addition 

10 

,, 

7 and 

6 

19 (two injections) 

7 and 6 

11 


5 


20 

o and 4 

12 


4 


21 . 

3 

0-55. In 1920, 1,126 cases 

were treated, of whom s 

ix died, e 


case-mortality of 0*53 per cent. In 1921, 761 cases were treated 
with one death, a case mortality of 0*11 per cent. 

The failure of the treatment may be due to two causes 
(1) delay in its commencement, and (2) a short incubation 
period. The efficiency of the treatment probably depends 
upon the long incubation period of the disease, owing to which 
it is possible to forestall the disease, and to immunise the body 
by the inoculations before its onset. If, unfortunately, the infec- 
tive material should be very virulent, and the incubation period 
thereby reduced to the lower limit, it may be impossible to do 
this before the onset of the disease, and the same is the case if 
the commencement of the treatment be delayed. Pasteur’s 
system of inoculation is useless when the disease has declared 
itself. 

By vaccinating animals by the Pasteur method by a long 
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series of injections, and with, the most virulent material, the 
blood-serum acquires “ anti- ?? properties, and this “ anfci- 
rabic 95 serum is said to be of service in the treatment of the 
declared disease. 

By muzzling all dogs for a time, and quarantining all dogs 
imported, rabies has been stamped out in this country In 
Japan, the inoculation of dogs by the Pasteur method has 
been adopted as a preventive measure. 

Variations from typical rabies have been described both, in 
animals and in mail under such names as £i chronic rabies/ 5 “ abor- 
tive rabies,” etc. Harvey, Carter, and Acton * describe a spon- 
taneous disease in dogs due to a general infection with B. pyo- 
eyaneus , which closely simulates rabies. By subdural inoculation 
the disease is reproduced in rabbits, with paresis of the hind legs 
and death in from sixteen to twenty -one days. The Negri bodies 
are absent, the course of the disease differs somewhat from rabies, 
and the B. pyocyaneus can be isolated from the brain and blood. 

Diagnosis of Babies. 

In a case of suspected rabies in a dog the animal should not be 
killed immediately, but should he kept under observation until 
it dies, or becomes very ill, when it may be killed. 

(1) Moderately thin smears on slides are made from ( ei ) the 
cortex in the region of the fissure of Bolando (the crucial sulcus 
in the dog), ( b ) the hippocampus major, (e) the cerebellum. They 
are dried in the air, fixed for five minutes m methyl alcohol, 
and then stained in weak Giemsa (1 drop stain, 1 c.e. distilled 
water ; with 1 drop of 1 per cent, potassium carbonate solution 
to every 10 c.c. of the dilute stain) for three hours. The stained 
films are then washed in running tap -water for one to three 
minutes, dried with filter -paper, and examined for the Negri 
bodies. 

Or the moist films may be fixed in methyl alcohol, and without 
drying stained for one minute in a mixture of 10 c.c. distilled 
water, 3 drops of a saturated alcoholic solution of basic fuebsm, 
and 2 c.c. of Loffler’s methylene -blue. Eosin -methylene -blue 
mixtures may also be used. 

The cytoplasm of the bodies stains orange, pink, red, or 
magenta, the central nuclei are granular, and appear bluish or 
purplish. 

Buzzard considers that the Negri bodies can generally be well 
seen in teased up fresh material unstained. It is stated that 


* Veterinary Record , July 22, 1911, p. 57. 
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structures resembling the Hegri bodies may be present in the b? m ain 
after death from snaJce-bite. 

(2) If tlie animal lias been destroyed too early for the 
Negri bodies to be detected* inoculation should be performed. 
The brain should be removed as soon as possible , and if it 
cannot be manipulated immediately, should be placed in sterile 
glycerin. From the middle of the floor of the fourth ventricle 
a small piece about the size of a pea is removed ; this is 
triturated and thoroughly emulsified in a sterile watch-glass by 
means of a sterile glass rod with a bulbous end, a little sterile 
broth being used to make the emulsion, and sufficient being 
added to measure about 10 c.c. A fair sized rabbit is chosen, and 
the hair is shaved m the region where the inoculation is to be 
made. A small incision is made through the skin and tissues down 
to the bone, and a small hole is then drilled through the skull 
with an Archimedian or other drill ; there is no need to use an 
anaesthetic. The hole should be in the middle line, and on the 
line drawn between the posterior corners of the eyes. A little 
of the emulsion is drawn up m a small syringe, having a fine 
needle, and two or three drops are injected beneath the dura 
mater. The operation is carried out with antiseptic precautions, 
the wound closed, and a little wool and collodion dressing applied. 

If the material injected be from a rabid animal, the first symp- 
toms will be noticed in from ten to fourteen days. The inocu- 
lated animal loses control over its hind legs and throws them 
about peculiarly when running. This increases, and m another 
day or so the animal is apt to stumble when running, and in 
another day or two the hinder extremities become paralytic, and 
the animal is unable to move, and dies shortly. The on^et of 
symptoms is hardly ever delayed beyond twenty-one days 

Van Gehuehten's method . — The ganglion is placed m absolute 
alcohol for twelve hours, the alcohol being changed once ; it is 
then embedded, and sections are cut. These aie stained for 
five minutes in NissFs methylene -blue and mounted. Or the 
material may he fixed in 10 per cent, formalin before staining. 
The capsular changes are best sliown by staining with luema- 
toxyhn and eosm. 

'Babes' method . — A piece of the medulla or cord is hardened in 
alcohol and stained with anilin red, and sections are prepared. 

Infantile Pabalysis.* 

Infantile paralysis or acute anterior poliomyelitis (Heine- 

* See Tevaditi, Journ. Roy . Inst . of Public Health , vol. xix., 1911, pp. 1 
and 65 (Bibliog.) ; Flexner and others. Studies from the Rockefeller Institute , 
1910 et seq . 
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Medin disease) occurs sporadically and also in epidemics. The 
disease is of sudden onset and accompanied with fever. It 
may be unilateral or bilateral, attacking the lower extremity 
or occasionally the upper extremity, and a cerebral form (polio- 
encephalitis) also occurs. The large motor cells of the anterior 
horns of the spinal cord are attacked and degenerate. It is 
mostly a disease of childhood. 

Various organisms have been described in this disease, but 
Levaditi, Landsteiner, and Flexner have proved that the 
virus is a filter-passer, and is present in the central nervous 
system, the Gasserian and some of the other ganglia, in the 
tonsils, salivary, and some of the lymphatic, glands, and 
sometimes in the blood. 

Injection of emulsions of the affected cord into the brain, 
spinal cord, peritoneal cavity, and blood-stream of monkeys 
reproduces the disease with the same clinical and pathological 
features as in man. The disease can be carried on from 
monkey to monkey by inoculation, but is with difficulty trans- 
mitted to any other animal. Remarkable fluctuations in the 
virulence of the virus may occur. 

Flexner has observed a case of spontaneous infection in the 
monkey, and found that the naso -pharyngeal mucosa was 
infective, so that this is probably the channel of infection in 
man. The disease is probably generally conveyed by contact, 
though flies belonging to the genus Stomoxys and the bed-bug 
are stated to be capable of transmitting infection. Human 
cerebro-spinal fluid was not found infective in some instances, 
but monkey cerebro-spinal fluid is infective (mfectivity m this 
case may depend on the stage of the disease). 

Human ascitic fluid inoculated with the filtered fluid from 
emulsions of cord became turbid, but no organism could be 
detected microscopically, and the culture can be carried on 
from tube to tube (Flexner and Noguchi). Monkeys which 
have recovered from an attack are refractory to inoculation. 
A certain degree of active immunity may be established by 
subcutaneous injection of the virus. The serum of immunised 
and recovered animals possesses considerable neutralising 
power for the virus. Attempts are now being made to prepare 
a curative serum. 

Some cases of the acute ascending paralysis of Landry may 
be forms of this disease (see also p. 515). 

Buzzard, from a case of the latter disease, isolated a coccus 
which induced a rapidly spreading palsy on subdural inocula- 
tion into rabbits. 
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Encephalitis Lethapgica. 

Whether this disease occurred prior to 1916— IT is problema- 
tical, but it was certainly unknown to the present generation 
of clinicians until that date, when von Economo described a 
small outbreak in Vienna. A little later it made its appearance 
in France, where it was studied by Netter.* 

In the spring of 1918 cases of an obscure disease, charac- 
terised usually by stupor or lethargy and ophthalmoplegia, 
were reported in England. At first it was suggested that the 
disease was botulism, then that it was the cerebral form of 
poliomyelitis (polioencephalitis). It was soon recognised, 
however, that the disease was distinct from these and, further, 
that it was the same condition that had been studied by von 
Economo and Netter. 

Since 1918 the disease has become increasingly prevalent, 
and cases and outbreaks have been reported in all parts of the 
world. In England and Wales 531 deaths from it were notified 
in 1923, and in 1924, up to October 25th, the number of cases 
notified was 4,605. The notification figures for England and 
Wales for 1919-23 gave a case mortality of 54 per cent., but 
this is probably an over-estimate, as many mild cases which 
recovered may not have been recognised. 

All ages are attacked, but it is especially prevalent at the 
mid-period of life, m marked contrast to poliomyelitis, and its 
seasonal prevalence is different from the latter. Epidemic 
hiccup is a manifestation of it, and some of the cases that 
recover develop Parkinson’s disease. 

It seems reasonable to suppose that the virus first infects the 
upper part of the respiratory tract ; slight swelling and con- 
gestion of the fauces and pharynx are common at the onset. 
It is hkely that it lurks here, and m some instances constitutes 
a carrier phase. 

Haemorrhages may he present on the meninges and into the 
cerebral cortex, but the stress of the disease particularly falls 
upon the medulla, pons and optic thalamus. Here the pre- 
dominant histological feature consists of perivascular and 
parenchymatous cellular infiltrations, consistmg usually 
mostly of plasma cells, polynuclear leucocytes being scanty. 
Haemorrhages are not common and are microscopic in these 
regions (Plate XXXVII., b). 

Ho organism, bacterial or protozoal, has been found, but 
certain minute intra-cellular bodies have been described by 
* See MacNalty, Lancet , 1925, vol. i., p. 594 (Bibliog.). 
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Da Fano and others. The vims is presumed to be a filtrable 
one, chiefly from the reputed transmission of the disease to 
monkeys and rabbits by McIntosh and Turnbull,* and bv 
Levaditi. But considerable doubt has of late been cast on 
the validity of these experiments by the discovery that spon- 
taneous encephalitis occurs in laboratory animals, e.g., rabbits 
and monkeys, f The disease is widely distributed and highly 
contagious. Many of the animals recover, but lesions may 
persist in the brain and cord for some time. These consist of 
small-celled infiltrations and nodular aggregates of lympho- 
cytes and plasma cells with focal necrotic areas. The malady 
is associated with kidney lesions. In the lesions bodies re- 
garded as parasites are present. They are small oat- or pear- 
shaped bodies with definite staining reactions, and frequently 
enclosed to the number of 20-40 within a capsule. It has been 
named Encephalitozoon cuniculi. 

The existence of this spontaneous encephalitis of laboratory 
animals with lesions so similar to encephalitis lethargica must 
obviously discount the few positive transmissions of encepha- 
litis lethargica which have been reported. 

The doubt is increased also by the existence of a transmis- 
sible virus in herpetic lesions which on inoculation gives rise 
to a transmissible meningo- encephalitis. Thus Flexner points 
out that Levaditi, from thirty separate specimens, derived 
from cases of human encephalitis, succeeded in establishing in 
rabbits one active vims and one weaker one (from the nasal 
secretion). In the light of our present knowledge of herpetic 
viruses, these transmissions must be regarded as suspect. 


Hebpetic Viruses. 

It has been shown during the last few years J that all forms 
of herpes are inoculable and that the virus is probably a 
filtrable one, but as the virus seems to cling firmly to particles 
of organic matter with which it is associated it does not always 
pass through a porcelain filter. 

The herpetic virus (or viruses) has an affinity for the central 


* Brit, Journ . Exper. Pathol vol. I., 1920, pp. 89, 257. Also MaclSTalty, 
ibid., vol. ii., 1921, p. 141. 

f See critical review by Da Fano, Med. Science ; Abstracts and Reviews, 
vol. x., 1924, p. 355. 

+ Da Fano, Journ . of Pathol, and Bacterial., vol. xxvi., 1924, p. 85 (resume 
and Dibliog.) ; Goodpasture and Teague, Journ. Med. Research , vol. xliv., 
1923-24, pp. 121, 139, 185, 289 (Bibliog.). 
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nervous system, and presents many similarities to tlie encepha- 
litis virus with which it is closely allied. 

Herpetic disease manifests itself with local lesions in the 
form of vesicles, so well seen in herpes febrilis and zoster , and 
is as a rule harmless in man, but if inoculated into certain 
animals may give origin to a fatal infection transmissible in 
series to other animals, independently of the route chosen for 
transmission. Material taken from a herpetic vesicle (h. feb- 
rilis) inoculated on to a rabbit’s cornea gives rise to a severe 
purulent keratitis or, into the anterior chamber, to an irido- 
cyclitis. In some instances, moreover, this infection of the 
eye is followed by an encephalitis from which the animals may 
succumb within three weeks. The nervous symptoms seen 
consist of a continual turning, and finally a twisting, of the 
head to the inoculated side. A day or two after this appears, 
equilibrium becomes completely lost, and the animal lies on 
the inoculated side apparently unconscious, but with frequent 
movement of the extremities, and there is no actual paralysis. 
Post-mortem , no gross lesions may be evident, or small hsenior- 
rhages may be present in the pons and medulla, always uni- 
lateral and on the same side as the inoculation and along the 
distribution of the sensory fibres of the fifth cranial nerve. 
Microscopically a widespread small-celled infiltration, with 
intense nerve-cell degeneration, is seen. Over the entire area 
an acute meningitis is present, with haemorrhagic, fibrinous, 
serous, and cellular exudate. " c Minute bodies,” both extra- 
and intra-cellular, just visible and resembling those met with 
in encephalitis, are present ; the smallest may be the virus 
itself. Goodpasture and Teague find cell-inclusions m the 
inoculated cornea (similar to those described by Lipschiitz, 
Levaditi and others) ; they are round or ovoid, homogeneous, 
sharply- outlined structures, each almost filling a nucleus, and 
having an affinity for acid dyes such as eosm. Some strains of 
the virus (h. febrilis) will traverse motor, sensory or sympathetic 
nerves to the brain or cord from almost any site of inoculation, 
e.g the peritoneum, passing probably by the axis cylinders 
rather than by the peri-neural spaces. 

Herpes zoster is transmissible to the scarified skin of the 
guinea-pig or rabbit, producing a band of vesicles. 

Herpes febrilis is not usually transmissible to the guinea- 
pig’s skin, hut some strains may be inoculated, particularly 
after a preliminary painting with tar on three or four occasions 
at intervals of two or three days, and set up a typical h. zoster . 
Goodpasture and Teague suggest that possibly the viruses 
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of h. febnlis and h. zoster are essentially the same and differ 
only in virulence. 

Flexner and Amoss find herpes virus to he of varying 
degrees of virulence. Mild strains may produce encephalitis 
in rabbits only by intra-eranial inoculation. Recovery from 
infection by a mild virus confers immunity against virulent 
strains. The virus may at times be detected in the human 
throat, i.e., these individuals are carriers. 



CHAPTER XX. 


SCARLET FEVER— TYPHUS FEVER— TRENCH FEVER — ROOKY 
MOUNTAIN SPOTTED FEVER— JAPANESE RIVER FEVER — 
DENGUE — PHLEBOTOMUS FEVER— VACCINIA AND VARIOLA 
—MALIGNANT DISEASE. 

Scarlet Fever. 

Though tlie aetiology of this disease cannot yet be said to 
be definitely settled, an increasing volume of evidence tends to 
incriminate a streptococcus as the causal agent. 

A streptococcus first came into prominence in the historic 
Hendon outbreak, which was investigated by Klein and Power 
in 1885. Scarlet fever occurred in Marylebone and was traced 
to infection conveyed by milk derived from a farm at Hendon. 
Here some of the cows were found to be suffering from a 
vesicular eruption on the udders and teats which was con- 
sidered to be a manifestation of scarlatina in the cow.* From 
the vesicles and crusts Klein isolated a streptococcus which, 
though closely resembling, differed slightly from the S. pyo- 
genes (as then known). The same streptococcus was isolated 
from five out of eleven cases of the disease m man. Klein and 
Power concluded, therefore, that scarlet fever is communicable 
to, and may exist in, cows, and infect their milk, and that a 
streptococcus is the specific infective agent. 

The Hendon outbreak was reinvestigated by Axe and 
Crookshank-t Axe found that cases of scarlet fever had 
occurred near the dairy within a short time of the outbreak, 
and the eruptive disease of the cow was believed by Crook- 
shank to he cowpox. 

A streptococcus was also claimed by Gordon to be the 
causal agent of scarlet fever, and Mair % isolated a diplococeus 
which grew only on serum. On inoculation into apes Dohle's 
bodies appear in the blood (Ddhle’s bodies are small bodies in 
the leucocytes staining blue with Leishman’s stain. They are 

* The existence of bovine scarlatina is not now accepted by the veterinary 
profession. 

On the Hendon outbreak, see Trans. Path. Soc . Land 1S8S (Refs.). 

J Journ. Path, and Bacter vol. xix., 1915, p. 443, and vol. sx,, 1916, 
p. 366. 
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plentiful in scarlet fever, but according to MacEwen are not 
confined to this disease). 

Gordon * found that the S. scarlatince or conglomeratus of 
Klein differed distinctly in its cultural reactions from other 
varieties of streptococci, and that it occurs constantly on the 
tonsils and fauces and m the nasal secretion in scarlatina. It 
is also found in the blood and tissues post-mortem, though in a 
somewhat modified form. 

From 1900 onwards until 1921 the streptococcal origin of 
scarlet fever was more and more discredited, and various 
structures regarded as protozoa and filter-passers held the 
field. Then George F. Dick and Gladys Dick commenced their 
work, and in 1924 announced the discovery of the test,f which 
bears their name, as a means of gauging susceptibility to 
scarlet fever (analogous to the Schick test for diphtheria 
susceptibility) , and based upon a cutaneous reaction with a 
streptococcal culture derived from the disease. Certain 
haemolytic streptococci were isolated from the throat of early 
cases of scarlet fever by cultivating on 5 per cent, rabbit- 
blood agar plates. The streptococcus so isolated is cultivated 
in a rabbit-blood Lemco broth, pH 7*5, for five days. The 
culture is then centrifuged and the supernatant liquid filtered 
through a Berkefeld filter. The filtrate is preserved aseptically 
and is used in a dilution of 1—500 to 1—1,000, of which 0*1— 0*2 
c.c. is injected uitra-dennally. In an individual insusceptible 
to scarlatina little or no reaction ensues, but in a susceptible 
person an inflamed patch, the size of a shilling, develops at 
the site of injection and is at its height about twenty-four 
hours after inoculation. The reliability of the Dick test, 
indicating susceptibility or insusceptibility to scarlet fever (of 
course not necessarily absolute in either case), according as the 
reaction is positive or negative, seems now to be well estab- 
lished. Children previously giving a positive Dick reaction no 
longer react after an attack of scarlatina. 

The fact that a cutaneous reaction occurs is strong evidence 
that the antigen employed is specific, and, therefore, that the 
streptococcus is the causal agent of scarlet fever. The Dicks 
and others have found these hsemolytic streptococci to be 
almost constantly present in the scarlatinal throat, though 
they cannot be isolated from the blood until well after the rash 
has appeared. Eagles J finds, by agglutination tests, that 

* Rep. Med . Off. hoc . Gov. Board for 1889—1900, p. 385. 

t SeeK.er and others. Lancet , 1925, vol. i., p. 230. Also ibid., pp. 710, 712. 

t Brit. Journ. Exper. Pathol., vol. v., 1924, p *199. 
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these scarlatinal streptococci form a clear-cut group distinct 
from other haemolytic streptococci. Some inoculation experi- 
ments have also been performed. * Volunteers whose throats 
had been swabbed with cultures of the streptococcus in some 
cases developed scarlet fever ; filtered cultures of the strepto- 
coccus, on the other hand, did not produce scarlet fever in any 
case, proving the absence of a filter-passer. There is, thus, a 
considerable body of evidence to show that scarlet fever is 
caused by a particular type of streptococcus, the rash and 
early symptoms apparently being caused by some product of 
the streptococcus circulating in the blood, from which at an 
early stage streptococci are absent. 

Bernhardt ascribed scarlet fever to a filter -passer, but his 
experiments were inconclusive. 

Mallory detected small bodies, 2—7 /x m diameter, staining 
delicately but sharply with methylene -blue, and occurring in and 
between the epithelial cells of the epidermis and in the lymph- 
vessels and spaces of the corium. He regards these as protozoa, 
but others consider them to be degenerated leucocytes (see p. 517). 

The blood in the early stages of scarlatina gives the 'VVassermann 
reaction if a very sensitive antigen be used. 

It is remarkable how frequently diphtheria complicates scar- 
latina. 

The Schultz -Charlton j- test consists m the mtracutaneous 
injection of 0 5—1 0 c.c. of convalescent scarlet fevei serum. This 
causes blanching of scarlet fever rashes. The serum of some non 
convalescent individuals gives a similar reaction 

Typhus Fever, Trench Fever, Rocky Mountain 
Spotted Fever, Japanese River Fever. 

(1) Typhus fever is communicable to the chimpanzee and 
some other monkeys, and to the guinea -pig. The blood is 
infective from the onset and continues so until the day after 
the temperature becomes normal. The disease is transmitted 
by the louse, Pediculus humanus. Iufection occurs from the 
excreta of, or by crushing, the louse, and not by its bite, the 
excreta or contents of the alimentary tract being rubbed into 
abrasions. The lice are infective from the fourth to the 
seventh day after a meal of typhus blood taken during the first 
five days of the disease. 

Bacillar, diplo -bacillar and coccal forms, varying from 
Gram-positive to Gram-negative, have been isolated by many 

* See Med. Science * Abst. and Rev., vol. xii., 1925, p. 450. 
f See Mair, Lancet , 1923, vol. ii , p. 1390. 
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observers in typhus fever (Rabinowich, Feurth, Muller, Hort 
and Ingram, Topley *). Plotz j* isolated a small pleomorphic 
Gram-positive anaerobic bacillus by culturing 3 c.c. of blood 
in a 2 per cent, glucose agar to which ascitic fluid has been 
added. Colonies appear in from three to sixteen days. Similar 
organisms have, however, been isolated from the spleen (non- 
typhus) removed by operation. 

Proteus X 19 (see below) has also been claimed by Friedberger 
to be the causative organism. The Rickettsia bodies are like- 
wise believed by some to be the specific organism, and a spiro- 
chaete was described by Futaki. Lastly, the disease is regarded 
by others as being due to a filtrable virus. 

In 1916 Rocha-Lima called attention to the presence of 
very minute bodies in lice that had fed upon patients suffering 
from typhus fever. These bodies are present in the contents, 
and in the epithelial cells, of the alimentary tract of the 
insects. The bodies are generally ovoid, often found in pairs, 
and thus appear bipolar. The smallest forms measure 0*3 (jl to 
0*4 p and the larger ones, which are sometimes bean-shaped, 
0-5 jjl to 0-9 pt. They are Gram-negative and are best demon- 
strated by Giemsa staining (Plate XXXVIII., a). Rocha-Lima 
regarded these Rickettsia bodies as being protozoa belonging 
to the Ghlamydozoa and named the organism Rickettsia pro- 
wazeki , in memory of Ricketts and Prowazek, both of whom 
succumbed to typhus fever while investigating it. The bodies 
were also found m the blood of typhus fever At first Rickettsia 
bodies were only found in typhus -infected lice, but afterwards 
they were found in “ normal lice. Later still they were 
found in lice that had fed upon cases of trench fever, war 
nephritis, malaria and other conditions. They were also 
found in the blood in trench fever, Volhynia fever and Rocky 
Mountain spotted fever. Rut these varied Rickettsia bodies 
are probably different species (cf. Leishmania) , and slight dif- 
ferences in morphology, arrangement and staining may be 
made out. The work of Arkwright and Bacot $ gives con- 
siderable support to the view that R. prowazeki is the setiolo- 
gical organism of typhus fever. Weigl has suggested that 
Rickettsia , some of the cocco-bacteria, and Proteus X 19 are all 
developmental forms of the specific organism of typhus fever, 
but confirmation of this startling hypothesis (which would 
explain the Weil-Felix reaction) is as yet lacking. 

* Journ. Roy. Army Med. Corps , 1915, p. 215 (Bibliog.). 

t Journ. Infectious Diseases , vol. xvii., 1915, No. 1. 

£ Brit. Journ. Bxper. Pathol., vol. iv., 1923, p. 70. 
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Wolbach lias found tliat the typhus virus survives in plasma- 
tissue culture for several weeks, cocco-bacterial forms being 
found in the endothelial cells. The virus is present in the 
blood, not in the plasma or leucocytes, but in the platelets 
(Kusama and Segal *). 

The Weil-Felix reaction is a remarkable agglutination 
reaction which occurs with the blood of typhus fever. Weil 
and Felix isolated from the urine of a case a race of Proteus , 
known as X 19 . The race is peculiar in that it exhibits specific 
agglutination with typhus blood-serum. The same organism 
has since been isolated by other observers, both from the 
urine and from the blood, but only occasionally {e.g., 20 times 
in 350 blood samples from 250 t}phus cases* Schxirer and 
Wolff). It is generally considered to have no set io logical 
relationship with the disease. 

The blood serum of normals and non-typhus cases usually 
has little agglutinating power on Proteus X 19 ; some 10 per 
cent, of normal human sera will agglutinate up to a dilution of 
1 in 50. On the other hand, typhus blood-serum agglutinates 
Proteus X 19 in dilutions of from 1 in 100 to 1 in 10,000. The 
reaction is so constant with typhus blood, and so constantly 
absent with the blood in other diseases, that it forms a valuable 
means for the diagnosis of typhus fever. The reaction appears 
about the seventh day of the disease and increases m intensity 
up to the twentieth or thirtieth day, after which it declines. 
Agglutination obtained with serum in dilution of I in 100 or 
more indicates typhus fever. Absence of agglutination in 
dilution of 1 in 100 after the eighth day from onset of the 
disease excludes acute typhus fever, f 

Typhus blood-serum does not agglutinate ordinary strains 
of Proteus. Agglutinins, moreover, are generally thermostable, 
but the typhus agglutinin for Proteus X 19 is thermolahile. On 
the other hand, agglutinm formed by inoculation of Proteus X 19 
into man or animals is thermostable, and also agglutinates 
ordinary races of Proteus. Weil and Felix assume, therefore, 
the existence of two types of receptors in X 19 strains, viz. a 
££ specific ” receptor for the typhus agglutinins, and a ££ sub- 
stance ?? receptor, corresponding to the receptors of saprophytic 
Proteus strains. 

Wilson J showed that typhus serum may agglutinate B. 
typhosus and varieties of B. coli. 

* Brit „ Jour 7b. Eccp&r. Pathol., vol. iii., 1922, p. 95. 

t Sec Reynolds, Journ. Boy . Army Med. Corps, July, 1920, p. 1. Also 
Fairley Journ. of Hygiene , voi. xviii., 1919, p. 203. 

% See J ourn. of Hygiene, "vol. xix., 1920, p. 115. 


34—2 



532 


A MANUAL OF BACTERIOLOGY 


Tabardillo of Mexico and Brill’s disease of the U.S.A. axe 
local forms of typhus fever. 

(2) Trench fever is a disease characterised by recurring 
attacks of fever at intervals of seven to ten days, bone pains, 
particularly in the shins, and affection of the cardiac muscle, 
leading to tachycardia. It was very prevalent on the Western 
front during the War. The disease is transmitted by the louse, 
both by its bite and by its excreta if these be rubbed into 
abrasions. The vims is filtrable and exists in the blood and 
urine. It is destroyed at a temperature of 70° C., but not 
below this. Rickettsia {R. quintana) bodies are present in the 
blood and also in infected lice. 

V olhynia fever is probably a form of trench fever. Trench 
fever does not seem to be a form of any other disease and was 
apparently unknown before the War. 

(3) Reeky Mountain spotted fever is a typhus-hke disease 
occurring in limited areas m North America. Years ago, 
Wilson and Chowmng ascribed the disease to a Piroplasma , 
but subsequent research failed to confirm this. Bicketts 
believed that the disease is caused by a small bacillus, and 
Wolbach agrees with this view. Wolbach * describes the 
bacillus as occurring in the blood, vessel walls, testicle and 
s kin . The characteristic form of the organism is a short rod in 
pairs, joined end to end ; many exhibit bipolar staining, and 
they occur in large numbers, particularly in the endothelial 
layer of the vessels. All attempts at cultivation have so far 
failed. For a bacterium, the organism is peculiar m that the 
best staining method is by means of G-iemsa stain applied after 
Zenker fixation ; it is probably a body of the Rickettsia type. 
The virus may be carried on in plasma-tissue culture. The 
disease is communicable to the monkey and guinea-pig, and 
an animal immunised against the disease is still susceptible to 
infection with typhus fever, so that it would seem to be distinct 
from the latter. Bocky Mountain spotted fever is conveyed by 
a tick ( Dermacentor venustus ), in which the same parasite is 
found, and the ground squirrel or, possibly, the goat, may be 
a reservoir of the parasite. As mentioned above, Rickettsia 
bodies are also met with in this disease. 

(4) Japanese river fever (tsutsugamushi), as its name 
implies, particularly occurs in certain river valleys in Japan, 
but is also met with in Formosa. It is characterised by high 
fever, lymphangitis and lymphadenitis (groin, axilla, neck), 
and an eruption of dark-red papules. The case mortality is 

* Joum . Med, Research, vol. xxiv., 1916, pp. 121 et seg. 
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10-50 per cent. The disease is transmissible to the monkey 
and rat by injection of blood of a patient. Minute rod- and 
ring-shaped and spheroidal bodies have been described in the 
lymphocytes of lymph nodes and in the endothelial cells of the 
spleen, similar to those described by Wolbach in Rocky Moun- 
tain fever. The disease is conveyed by the bite of the larval 
form of an acarus or mite ( Trombicula aJcmnushi). resembling 
the harvest bug of this country. The mite is found in large 
numbers on field mice and other rodents, and is spread by 
warblers, fowls, pheasants, and other birds. 

Dengue. 

No organism, bacterium or protozoon, can usually be demon- 
strated in this disease. The intra- venous inoculation of 
filtered dengue blood into healthy individuals is followed by 
an attack ; the organism is therefore probably ultra- micro- 
scopic. Duval and Harris * report the cultivation by Noguchi’s 
method of minute globoid bodies, not more than 0*3 /x in 
diameter, which pass readily through a Berkefeld filter. The 
culture filtrate produces in animals a reaction similar to that 
following injection of human dengue blood. The disease is 
transmitted by a mosquito, Aedes argenteus (Stegomyia fas- 
ciata ), and possibly by Culex fatigans and other mosquitoes.*!* 

Phlebotomus Fever. 

A fever of short duration (three days) occurs in South 
Austria, the malady being something like dengue. It is 
known locally as <c pappataci," and an apparently identical 
disease has been described by Birt J in Malta under the name 
of ce phlebotomus fever. 95 Investigation has shown that this 
disease is conveyed by the bite of a dipterous fly, the sand-fly 
(Phlebotomus f>ajppatasii). “ Canary fever, 59 Shanghai fever," 
cc Chitral fever," and “ sand-fly " fever of India are probably 
of the same nature. The virus in phlebotomus fever passes 
through a Berkefeld filter. 

Variola and Vaccinia. § 

The specific viruses of these two diseases may be filter- 
passers. 

* Journ. Exper . Med., vol. xL, 1924, p. 835. 

-f* See Cleland, Journ. of Hygiene , vol. xviii., 1919, p. 217. 

J Journ . Hoy. Army Med. Corps, August, 1910. 

§ See Mervyn Gordon, Special Hep., No. 98, Medical Research Council. 
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Variola is inoculable on man, the calf and the monkey, 
vaccinia on the rabbit in addition. 

A large number of observations have been made on the 
bacteriology of vaccine lymph. Usually the ordinary pyogenic 
organisms and many saprophytic forms can alone be isolated. 
Various other bacteria have at times been isolated, such as 
fine bacilli, which could be cultivated only with difficulty, by 
Klein and Copeman. 

The failure to isolate a bacterial form induced many 
observers to seek for a parasitic protozoon in variola and 
vaccinia, and various “ bodies 99 have been described. Thus, 
Quarnieri found small bodies, about half the size of the 
nucleus, in the epithelial cells of the skin in the prepustular 
stage of variola and in the cornea after inoculation. Some- 
what similar bodies have been described by L. Pfeiffer, J. 
Clarke, Puffer and Plimmer ; and Councilman, Magarth, 
Brinkerkoff, Tyzzer, and Calkins,* and others. They are 
probably of the same nature as the Negri bodies of rabies. 

The shaved skin of the rabbit forms a delicate indicator for 
vaccinia virus in experimental work, a vesicular eruption 
resulting after inoculation. Immunity is established m the 
rabbit by about the sixth day after subcutaneous, sub-dural, 
intra-cerebral or intra-venous inoculation. The nasal mucous 
membrane is also susceptible. By massive intra-venous inocu- 
lations into the rabbit an immune serum may be obtained 
which exhibits immunising, viruhcidal, precipitating and com- 
plement-fixing properties for vaccine lymph. It is of special 
interest that the complement-fixing antibodies are of constant 
appearance in response to inoculation with either vaccinia 
or variola* virus, and that the complement-fixing antibody 
excited by one of these viruses reacts also with the other. 

The activity of the vaccinia virus is almost, but not quite, 
destroyed by heating to 55° C. for thirty minutes, and it is 
exceedingly susceptible to the disinfecting action of potassium 
permanganate. 

The immune serum obtained by inoculating rabbits with 
vaccine lymph possesses marked immunising properties, 
1 c.c. protecting against 100 minimal vaccirdal doses of virus. 
Vaccinia protects the monkey against both vaccinia and variola 
virus. 

Admitting that vaccinia protects against variola, the rela- 
tionship between the two viruses is obscure. With few excep- 
tions (Geely, Hime, Simpson, Klein, King, Copeman), attempts 
* Joum . Med. Research, vol. xi., 1904, p. 173, 
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to inoculate variola on the calf have failed. In the successful 
cases the lymph obtained from the calf has, on inoculation 
upon children, produced typical vaccinia without any unto- 
ward results. The positive results obtained by the inoculation 
of variolous material being so few, a doubt arises whether in 
these cases there may not have been some fallacy, such as 
accidental contamination with vaccinia. Simpson, however, 
performed his experiments within the precincts of a smallpox 
hospital and away from possible vaccine infection, and Cope- 
man * found that variola may be readily inoculated upon 
monkeys, and after several passages through these animals is 
easily inoculable upon the calf. He suggests, therefore, that 
vaccinia in the calf was originally due to infection with 
inoculated smallpox, so prevalent at the time of Jenner’s dis- 
covery. A somewhat parallel instance of the attenuation of 
a virus by passage through another animal is recorded by 
Stickler and Marx in the case of birdpox, which produces an 
extensive smallpox- like eruption in fowls and pigeons. In 
fowls and in pigeons the virus retains its pathogenic properties 
for each bird unaltered for any number of inoculations, but 
the pigeon strain, after a few inoculations into fowls, com- 
pletely loses its virulence for the pigeon. Gordon suggests that 
vaccinia virus consists of a mixture of its own or vaccinia 
elements and variola elements m equal proportion. 

Outbreaks of alastrim (Kaffir pox) have of late attracted 
attention. The general opinion is that it is an exceedingly 
attenuated variola, and Gordon finds that the viruses of alas- 
trim type and severe type of smallpox both give complement 
fixation with anti- vaccinia serum. The only difference be- 
tween the two viruses was in their virulence for the monkey. 

The preparation of vaccine lymph is fully described by Blaxall. j 
Calves are vaccinated with lymph under aseptic precautions, and 
five days later the contents of the vesicles are scraped off, the 
pulp is triturated m a machine, and is then placed in six times 
its weight of sterilised 50 per cent, pure glycerin in distilled 
water, and stored for about a month in test -tubes, until agar 
cultivations show that extraneous bacteria have died out, when 
it is issued for use. It remains very active for fifty to sixty days, 
after which it begins to deteriorate. 

Green J devised a rapid method for the preparation of vaccine 

* Brit. Med. Journ., 1901, vol. L, p. 1134, and vol. ii., p. 1736. 

t JKep. Med. Off. Loo. Gov. Board for 1898-99, p. 35. 

t Ibid., 1900-01, p. 639. 
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lymph by killing off the extraneous organisms with chloroform 
vapour. 

Blaxall * more recently used oil of cloves as a sterilising agent 
in the preparation of calf lymph. 

Malignant Disease. 

The analogies between carcinoma and sarcoma and many 
infective diseases have led investigators to search for micro- 
organisms m these conditions. 

Bacteria have been repeatedly looked for, but Shattock was 
unable to isolate any bacterial form from malignant disease. 
Doyen isolated a micrococcus (M. neof ormans , p. 208), but, 
though frequently present, it is not causative. Decently a 
micro-organism has been described by Glover as occurring 



Fig. 59. — a, RufEer’s or Plimmer’s body in a cancer-cell , 6, the 
archoplastic vesicle in spermatid of mouse. (After Farmer, 
Moore, and Walker.) 


in coccoid, bacillar and sporulating stages. Leyton isolated 
streptofhrix forms from sarcoma, others have sought for a 
blastomycetie or myxomycetic infection in malignant disease. 

Russell observed, by certain methods of staining, small cor- 
puscles within the epithelial cells. They were spherical in 
shape, 4-10 jjl in diameter, occurring singly or in groups, 
were apparently homogeneous, and surrounded by a capsule. 
Russell regarded these structures as belonging to the “ sprout- 
ing fungi ” (Blastomycetes), and they have since been known 
by the name of “ fuchsia bodies ” or “ RusselFs corpuscles.” 

Buffer and Walker f and Plimmer observed and investigated 
certain structures within the epithelial cells of carcinoma 
which were regarded by many as parasitic protozoa. These 

* Rep. Med. Off . Boc. Gov . Board for 1911—12, p. 361. 

f See Buffer and Walker, J owni. Path, and Bad vol. i,, 1893, p. 395 



MALIGNANT DISEASE 


537 


structures are round or ovoid, 2 jj, to 10 jjl in diameter, with, a 
very distinct outline, as though encapsuled, and clear retractile 
contents in which is a smaller body of variable size analogous 
to a nucleus (Fig. 59, a). Occasionally the refractile contents 
present a radial striation or a granulation. 

These bodies are usually single, but may number as many as 
eight or ten, and sometimes they invade the epithelial nucleus. 
The Ruffer’s or Plimmer’s body, however, is a structure pro- 
bably analogous to the archoplastic vesicle of the cells of repro- 
ductive tissue (Fig. 59, b). Cytological research * shows that 
there is no pathological state restricted to cancer cells alone, 
and there is no microscopical means of distinguishing between 
a normal and a cancerous cell. 

Malignant disease occurs in all classes of vertebrates, and is 
generally inoculable on an animal of the same species as that 
from which it is derived, but not on other animals. The car- 
cinoma of mice has been the subject of much investigation of 
late. Irritation is unquestionably a cause of cancer, and 
may be mechanical (rough tooth), thermal (burns), chemical 
(soot (?), tar, paraffin, mineral oils), X-ra 3 r s, etc. 

Drew and others have shown that extracts of tumours 
exercise an accelerating action on the growth of normal 
tissues in vitro. Moreover, rapidly growing and highly malig- 
nant tumours contained a far larger amount of this activating 
principle than did slowly growing and more benign tumours. 

Certain tumours of chicken are caused by hltrable viruses. 
In 1911 Peyton Rous described a sarcoma of the fowl trans- 
missible from bird to bird by the presumably dead cells, killed 
by drying or with 50 per cent, glycerin, or by means of a cell- 
free Berkefeld filtrate. Mammalian tumours have so far been 
transferred only by inoculation of intact living cells. Tbis 
No. 1 Rous tumour is histologically a spindle- celled sarcoma, 
forms metastatic growths freely and generally kills within 
twenty-eight days. Two other tumours of the fowl, both 
sarcomas, with filtrable viruses, have also been described by 
Rons. The exact nature of these growths has given rise to 
controversy, some maintaining that they are infective granule - 
mata, others that they are true malignant growths, and this 
seems to be the more general opinion. 

The Rous and other tumours have been the subject of an 
important research by G-ye. *f* The outcome of this work is to 

* On the cytology of cancer, see I/udford, Journ. Hoy. Microscojp. Hoc., 
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show that the infectivity of the Rous sarcoma is dependent 
upon two factors — a filtrable virus, which may be cultivated 
in vitro within certain limits, and an accessory chemical factor, 
also present in the tumour, which governs infection of cells. 
Thus primary cultures of the sarcoma in rabbit serum broth 
become non-infective within seven days, but if this non- 
inf ective culture is injected with disintegrated fresh tumour 
which has been filtered through sand and treated with chloro- 
form to Mil the virus (which chloroformed sand filtrate is 
itself non-infective), infectivity is restored. The events are as 
follows : 

A. 1 c.c. non-infective culture inoculated into chicken = 

no effect. 

B. 1 c.c. treated sand filtrate inoculated into chicken = 

no effect. 

C. 0*5 c.c. culture + 0*5 c.c. filtrate inoculated into 

chicken = tumour growth recognisable on the twenty- 
first day, and death with large growths on the thirty- 
eighth day, after inoculation. 

Experiments with several other tumours (mouse and rat 
sarcoma and carcinoma) show that they contain a virus which 
may replace the Rous sarcoma virus, so that on inoculation 
with the Rous sarcoma specific factor, the Rous sarcoma is 
reproduced. This was also done with a human adeno- carci- 
noma of the breast. A culture of this growth was prepared ; 
being human tissue, it is not infective for chicken. One c.c. 
of the Rous specific factor was without effect on chicken, 
but 05 c.c. specific factor +0*5 c.c. culture human adeno- 
carcinoma killed chicken on the twenty- eighth day with large 
tumour growths indistinguishable from the Rous sarcoma . 
From these experiments it would seem that the virus is non- 
specific and that the accessory chemical agent is the specific 
factor. Gye sums up his work as follows : “ These researches 
have led me to look upon cancer (in its widest sense) as a 
specific disease caused by a virus (or group of viruses). Under 
experimental conditions the virus alone is ineffective ; a second 
specific factor, obtained from tumour extracts, ruptures the 
cell defences and enables the virus to infect. Under natural 
conditions continued ‘ irritation 3 of tissues sets up a state 
under which infection can occur. . . . The virus probably lives 
and multiplies in the cell and provokes the cell to continued 
multiplication.’ 3 Barnard,* by special methods of observation 
and photography, believes that the virus is represented by 
* Lancet, , 1925, vol. il., p. 117. 
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minute (of the order of 0-1 fi) spheroidal bodies which can be 
seen in and about the edge of structures, presumed to be 
colonies, in the cultures. 

Potassium salts, glucose and cholesterol are increased in the 
serum in malignant disease. 

Shaw -Mackenzie has shown that the antitryptic power of the 
blood-serum is increased, and that the ly poly tic power of pan- 
creatic extract is diminished by the blood serum, in malignant 
disease. He also finds * that saponified carcinoma extracts, and 
cholin solution, yield an opalescence or turbidity with carcinoma 
serum, but not with other sera (with a 5 per cent, margin of error). 
These reactions may he employed for diagnosis in obscure cases. 

It has previously been mentioned that a cytolytic serum pre- 
pared by injecting an animal with cancer tissue has proved of no 
value in the treatment of malignant disease. 

Recently Lumsden f has described experiments showing that 
an anti-serum prepared by injecting rabbits mtra-pentoneally 
with finely-divided mouse carcinoma, or Jensen rat sarcoma, 
tissue for two or three months kills the respective carcinoma or 
sarcoma cells in vitro within a few' minutes. Xormal tissues are 
not damaged by it. Jensen's rat sarcoma of the foot can he 
caused to disappear by repeated injections of the anti -serum into 
and around the tumour, together with temporary stoppage of the 
circulation in the foot 

The inolluscum bodies have likewise been regarded as parasitic 
(coccidial) in nature, but with them also inoculation and cultiva- 
tion experiments have failed. The virus is stated to he a filter- 
passer, as is also the case with bird molluscum. 

* Journ. Trop. Med. and Hygiene , August 15th, 1925, p 297. 
j* Lancet , 1925, vol. n., p. 539 
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SOME DISEASES NOT PREVIOUSLY REFERRED TO, WITH A 
DISCUSSION OF THEIR CAUSATION — MICRO-ORGANISMS 
OF SKIN AND MUCOUS MEMBRANES. 

Abortion, Contagious. — See “ Undulant Fever.” 

Appendicitis. — The table * below stows the usual kinds and 
relative frequency of the infections in appendicitis. 

It is not improbable tbat in a still greater percentage of cases 
a mixture of organisms is present at first, the Bacillus coli subse- 
quently crow din g out the other forms. The Bacillus proteus, 
B. pyocyaneus , and B. welchii also occasionally occur. 


i 


Micro-organism 


Acute 

Appendicitis 


Chronic 

Appendicitis 


Bacillus coli in pure culture 
Bacillus coli with staphylococci . 
Bacillus coli with streptococci 
Staphylococci alone . 
Streptococci alone 
Other organisms or combinations 


70 per cent. 
15 
7 

4 „ 

Very rare. 
4 per cent. 


90 per cent. 
6 

Very rare. 
1 per cent. 
Very rare. 
3 per cent. 


Beri-beri is now regarded as a “ deficiency ” disease due to lack 
of water -soluble B 55 from the polished rice which forms the 
staple food of sufierers. 

Bronchitis. — Ritchie t concluded that acute bronchitis is an 
infective disease, but is not due to any one specific organism, the 
most important causal bacteria being the S. pneumoniae and 
streptococci. In every case of acute bronchitis numerous patho- 
genic bacteria are present in the bronchi, which are usually 
sterile in health. The commonest organisms are B. pneumonice , 
JB. influenzae, streptococci, and AT. catarrhal%s. Spiro chaetes are 
present in some forms of tropical bronchitis ; in others Castellan! 
has described oidium -like and yeast -like organisms. 

Caries, Dental. — McIntosh, Warwick and Lazarus -Barlow f 
ascribe caries of the teeth to the action of a bacillus of the acido - 


* Battle and Corner, Diseases of the Vermiform Appendix, 1904. 
f Journ. Path, and Boot., vol. vii.. No. 1, p. I. 
t Brit. J our n. Exper. Pathol., vol. vi., 1925, p. 260 (Refs.). 
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philus type of Moro (p. 554). They term it B. acidophilus odonto- 
lyticus. It occurred in two forms : Type 1, a long., slender bacillus, 
and Type 2, a shorter form. It ferments many carbohydrates 
with acid production only (chiefly malic acid), hut the fermenta- 
tion reactions were somewhat inconstant. It is met with in the 
mouth, faeces, milk, etc. 

Chancre, Soft. — An extremely small strep to -bacillus, first 
described by Ducrey (Hemophilus ducreyii ), has been found- in 
the ulcers and buboes. It has not been inoculated successfully on 
animals, but can be inoculated from a chancre, experimentally, 
from man to man. The organism is Gram -negative, and can be 
cultivated on blood agar, on which it forms shining greyish colonies 
1 mm. m diameter, or in guinea-pig blood.* Reenstierna has 
obtained an anti -serum by inoculating rams with dead and living 
cultures. Tested m 100 cases, the anti -serum produced improve- 
ment and cure within a short time, except in seven of the cases, 
which were shown to he due to infection with staphylococci. 

Conjunctivitis. — Conjunctivitis is of several varieties : 

(a) Acute contagious conjunctivitis , due to the Koch- Weeks 
bacillus [Hemophilus conjunctivitis ]. This is a slender, non- 
motile. Gram -negative organism, 1-1*5 y m length, occurring 
singly or in pairs, both free and within the pus -cells. It is difficult 
to cultivate, growing best on a serum -agar mixture, on which it 
forms small, punctiform transparent colonies. It is hardly 
pathogenic to animals, but m man sets up a typical acute con- 
junctivitis. 

(b) Chrome catarrhal conjunctivitis , due to the Moiax-Axenleld 
diplo -bacillus [H. lacunatus ]. Tins organism is 2 y long by 1 y 
broad, is Gram -negative, and can be cultivated on blood-seruin, 
which becomes pitted from liquefaction, or on serum agar, but 
not on ordinary agar nor on gelatin. Petit described also a closely 
allied organism distinguished by its ready growth on agar and 
on gelatin, which is liquefied. 

(c) Gonorrhoeal conjunctivitis . 

(d) Diphtheritic conjunctivitis. 

(e) Conjunctivitis of streptococcic origin . 

(f) Conjunctivitis of pneumococcic origin . — Usually in children, 
and accompamed with coryjza and scanty muco -purulent discharge. 

(g) Micrococci (aureus and albus) and B. coh may also occa- 
sionally cause conjunctivitis. 

Diarrhoea (Summer) of Infants. — Lesage obtained a bacillus 
from the “green, diarrhoea ’ 5 of infants which he believed to 
be the cause of this complaint. It is a small, motile, non-lique- 
fying bacillus, producing on gelatin a whitish expanded growth 


* Himmel, Ann. de V Inst. Pasteur, xv., 1901, p. 928. 
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with crenated margins, and giving rise to a green fluorescence 
m tlie medium. Tire B. pyocyaneus may Ibe an occasional cause. 

In cases with blood and mucus in the stools, the B . dysenten.ce 
(Shiga-Kruse type) has been found to he present in America, but 
is rare m this country. In London, Morgan has isolated in a 
number of cases a bacillus of the Gartner group having particular 
fermentation reactions (see p. 336). Lewis found that non- 
liquefying and non -lactose -fermenting bacilli are more frequent 
in the faeces of children suffering from diarrhoea than in normal 
children, and believes that Morgan’s bacillus has a causal relation- 
ship in many cases. Alexander also found Morgan’s bacillus 
more frequent in diarrhoea cases than in normal children.* * * § 

Ralph Vincent ascribes the disease (which he terms “ zymotic 
enteritis ”) to the ordinary organisms of putrefaction gaining 
access to milk and multiplying and causing alterations therein. 

The stinking motions of the diarrhoea of children have been 
ascribed to the action of organisms belonging to the JProteus 
group, particularly B. proteus (P. vulgaris , see p. 312), which 
occurs in putrefying matter, sewage, and m the intestine. 

Distemper, Canine. — According to G alii -Valerio, this is caused 
by a bacillus (B. caniculce) intermediate in character between 
the coli -typhoid and haemorrhagic septicsemic groups of organisms. 
Torrey and Rahe j and Kondo in Japan J confirm Ferry and 
M 4 Gowan’s observations § on a bacillus ( B . bronchiseptxc us) present 
in distemper. It does not ferment any sugars and litmus milk 
becomes markedly alkaline. 

Evidence has also been brought forward that distemper is due 
to a filter-passer (Carre). 

Dysentery. — Dysentery must be regarded as a term applied 
to a series of clinical symptoms associated with colitis which is 
due to different specific agents. There are two principal forms 
of the disease, the tropical, endemic or amoebic dysentery caused 
by the Entamoeba histolytica (p. 448), and the epidemic or bacillary 
dysentery due to the group of dysentery bacilli (p. 337). The 
former is met with especially in the East, and is characterised 
by chronicity, a tendency to relapses, amenabihty to treatment 
with ipecacuanha, and the occurrence of the single liver abscess 
as a sequela ; the latter is met with in all parts of the world, 
particularly in times of war and famine, not amenable to ipecacu- 
anha, and not followed by liver abscess. There are also probably 
other forms occurring in small outbreaks or sporadically. 


* See Rep, Med, Off. Loc . Gov . Board for 1911—12, p. 265, and ibid, for 
1912—13, p. 375. 

t Journ. Med . Research , xxvil., 1912, p. 291 (Bibliog.)- 

% See Lanced y 1924, xol. i., p. 1010. 

§ */ ourn. P athol. and Bacterial., vol. xy., 1911, p. 372, and xvi., p. 257. 
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Calmette in Tonkin isolated the J3. pyocyatieus , and tins organism 
seems to have keen tlie cause of a small outbreak in New York 
State investigated by Lartigau.* * * § In Japan, Ogata isolated a fine 
Oram -positive, liquefying bacillus wlneli does not seem to have 
been met with by subsequent observers. Spirochaetes have been 
found in large numbers in a form of dysentery occurring in 
Bordeaux. 

Ulcerative colitis of asylums and institutions is a bacillary 
dysentery. 

The JBalantidiu'm, eolv (p. 455) and certain parasitic worms may 
also induce a dysenteric condition. 

Foot and Mouth Disease. — A disease of cattle, sheep and swine 
and communicable to man. Loftier and Froseh showed that the 
virus is a filter -passer and is present in the blood, vesicles and 
saliva. Several strains of the virus exist. The disease is highly 
contagious, but many isolated outbreaks have occurred during 
the recent epizootic m this country m which it has been impossible 
to trace the source of infection, and it has been suggested that it 
may be conveyed by birds or through foreign fodder. Beattie and 
Peden surmised that rats might convey the disease, but the Com- 
mittee now investigating the disease have not confirmed this, 
but find that it is communicable to field mice. Froseh and 
Dahmen f claim to have cultivated the virus and to have photo- 
graphed the organism by means of ultra-violet light ; it is stated 
to be a short bacillus 0*1 pm length. 

Lymphadenoma, — Bunting J obtained a pleomorphic diph- 
theroid bacillus by cultivation on an egg medium. lie claimed to 
have produced the disease in monkeys by inoculating the bacillus. 
Frankel and Much by massive injection into animals claimed to 
have proved the tuberculous nature of this disease, but Twort § 
considers their results are not conclusive. 

Mastoid Disease. — See “ Otitis Media ” 

Measles^ — The disease can be transmitted to monkeys Many 
observers have found small bacilli m the blood. They are motile, 
do not stain by Gram’s method, and can be cultivated on agar 
and serum, on which they form delicate colonies. Tunnicbfi 4 | 
describes a minute Gram -positive diplococcus isolated from the 
blood, eye, nose, throat and sputum during the pre-eruptive and 
early eruptive stage. Primary cultures grow only anaerobically, 
but secondary cultures will usually develop aerobically, producing 
small greenish colonies on blood-agar plates. A cutaneous reaction 


* Journ. Exper. Med., vol. iii., ISTo. 6, p. 595. 

*j* Lancet, 1924, vol. i., p. 1329. 

% Journ . Amer. Med. Assoc., Ixxii., 1914, p. 516. 

§ Journ . of Hyg., vol. xxiii., 1925, p. 260. 

|| Journ . Infectious Diseases , vol. xxxvii.* 1925, p. 193. 
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is caused by dead cultures in persons who liave not had measles, 
hut not in the majority of persons who have had measles. Mallory 
and Medlar * * * § find in the endothelial cells lining the capillaries in 
the lesions one to four minute intensely staining dram -positive 
spherical Tbodies. They may be parasites or merely retrograde 
changes within the cytoplasm ; possibly they are a coccus in 
process of digestion. Duval and d’Aunoy f find that measles 
blood during the eruptive stage produces in rabbits by intra- 
venous injection a specific reaction analogous to that of the 
human infection, including Koplik spots. The nasopharyngeal 
secretion filtered through a Berkefeld N filter induces a similar 
reaction. 

Meningitis may be caused by 8 . pneumonice (60 per cent, of 
acute cases), T> . intracellularis , Still’s diplococcus, B. tuberculosis , 
gonococcus, and micrococci and streptococci, occasionally B. m- 
fiuenzce. Henry J describes influenza -like bacilli causing sporadic 
meningitis, and also otitis media. They grow only on blood-agar 
and are more virulent to animals than the B. 'influenzae. 

Mumps (Epidemic Parotitis). — Mecray and Walsh isolated from 
the parotid gland and blood in some cases of mumps a coccus 
resembling that described by Laveraa and Catrin. It occurs 
chiefly as a diplococcus, but also in large groups. The colonies 
form circular, white, shining points, with slow growth and gradual 
liquefaction. On potato a white growth occurs ; on blood-serum 
a plentiful cream-coloured growth , and in litmus milk produc- 
tion of acid with coagulation. 

Noma and Cancrum Oris. — Durante found the M. pyogenes 
var. aureus , with B. proteus , and Ravenna the same micrococcus 
with the typhoid bacillus. Diphtheroid bacilli have also been 
isolated. Weaver and TunniclifS § m a case of cancrum oris 
observed the presence of fusiform bacilli and spirilla. Hellesen j| 
isolated a diplococcus from a case of noma. The organism is 
not unlike the pneumococcus, hut possesses no capsule, is Gram- 
positive, gives a general turbidity m broth with acidity, forms no 
gas from glucose, curdles milk with acid production, and forms 
punctate, whitish-grey, translucent colonies on surface agar. 
On inoculation into animals a specific necrosis was produced. 

Bishop and Ryan, in two out of three cases, isolated an orga- 
nism which culturally and morphologically resembled the diph- 


* J our n. Med. Research, vol. xli., 1920, p. 327. 

t J oum. of JUxper. Med., 1922, vol. xxxvi., p. 239. Nicolle and Conseil 
have shown that the inoculation of the blood serum of convalescents is pro- 
tective against attack. 

t J oum. Path, and Racier vol. xvii., 1912, p. 174. 

§ J oum. Infectious Diseases , vol. iv., 1907, p. 8 (Bibliog.). 
ti Bee Lancet, 1908, vol. i., p. 955. 
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theria bacillus, but which only produced some local inflammation 
on inoculation into guinea-pigs. In the third case the 31. pyo- 
genes, var. aureus, and the Streptococcus pyogenes were isolated. 
Guizzetti, and Freymuth and Petruschky have isolated the 
Klebs -Loffler bacillus m noma. 

Oppler-Boas Bacillus. — Met with in the stomach, particularly 
in cases of carcinoma, and its detection is suggestive of this 
condition. The bacilli occur in masses, are long and filiform and 
non -motile, and frequently 30 m one another at an angle. They 
measure usually 6—8 g in length, but vary between 3 and 10 /x. 
The organism is a facultative anaerobe, non-spormg and Gram- 
positive. It curdles milk and forms lactic acid from various 
sugars. It is probably the 15. bulganeus. 

Otitis Media. — The Streptococcus pne union ice is perhaps the com- 
monest organism met with ; next m frequency comes the Strepto- 
coccus pyogenes , and then the pyogenic cocci. An influenza-like 
bacillus is sometimes present (Henry ; see Meningitis.” p. 544), 
and occasionally the S. mucosus. I 11 scarlatinal ot.ti-s media, 
Blaxall found the > 8 . pyogenes to be always present, and generally 
accompanied by other organisms, pyogenic cocci, etc. I 11 thirty - 
seven cases of mastoid disease Blake found the following organisms, 
and remarks that as a rifle the same were found in the middle ear : 


Streptococcus . * . . . . .12 

Staphylococcus ....... 5 

D plococcus ("2 pneumoniae) ..... 6 

Streptococcus and di plococcus .... 5 

Streptococcus and Bacillus fetidus ( J? colon bacillus) 3 

Streptococcus and Bacillus pyocycineus 1 

Streptococcus and diplococcus ... 1 

Streptococcus, micrococcus, and diplococcus . 2 

In two of the cases no organisms could be isolated. 


Ozsena (Atrophic Rhinitis).— Bowenberg and Abel described m 
this disease encapsuled bacilli somewhat resembling the pneumo- 
bacillus morphologically Some Italian observers found bacilli 
apparently identical with the diphtheria bacillus. 

Perez * isolated a cocco -bacillus (Cocco -bacillus fetidus ozcence) 
which is non -motile and Gram -negative, does not liquefy gelatin, 
does not ferment lactose nor curdle milk, but forms indole and 
ferments urea. Its cultures are foul -smelling, and it is pathogenic 
for guinea-pigs, mice, rabbits, and pigeons. 

Arloing t in forty cases examined found no constant form. The 
Abel-Lowenberg bacillus was most frequent. 


* Ann de Vlnst . Pasteur, xiii., 1899, p. 937, and xv., 1901, p. 409, 
-j* Gomp . Rend Soc. de Biol., vol. 89, 1923, p. 867. 
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Peritonitis. — The following table shows the micro-organisms 
that may be found in peritonitis : 


1 

Frankel 

Tavel and Tanz 

j 

Found alone 

Found alone 

Found in 
association 

Bacillus coli communis 

11 

15 

16 

Streptococcus 

7 

3 

15 

Staphylococcus 

1 

2 

6 

Pneumococcus . 

1 

0 

2 


20 

o 

C9 

39 


Dudgeon * believes the B. coli is frequently a secondary agent 
and not the primary infection. He finds that the M. pyogenes , 
var. albus , is very commonly present from the first, and may exert 
a protective action by determining the occurrence of phagocytosis. 

Psilosis or Sprue. — Manson-Bahr regards this disease as being 
caused by a yeast-like form, an O idium or Moniha. Ashford 
isolated a MomUa (31. psilosis) which he regards as specific, and 
Michel has tried a vaccine composed of it with promising results 
Scott believes that disordered calcium metabolism (parathyroid 
deficiency) has much to do with the causation of sprue. 

Puerperal Fever. — This condition may be either a localised 
infection with intoxication (sapraemia), or a localised infection 
with general infection (puerperal septicaemia) ; in both the 
primary site of infection may be permaeal or vaginal lacerations, 
or the contents of the uterus or the placental site. The infecting 
organisms maybe S. pyogenes, alone (20 per cent.), or with other 
organisms (30 per cent.), occasionally the S. pneumomce, B. 
coli, M. pyogenes, var. albus, 31. pyogenes, var. aureus , M. gonor- 
rhcew, B'. welchti, and diphtheroid bacilli. These are rarely 
alone, but generally occur with one or other of the organisms 
named. The B. diphtherice may exceptionally be met with. 

Purpura. — Haemorrhagic septicaemia may be caused by a 
number of capsulated bacilli allied to the B . pneumomce of Fried- 
lander (see pp. 237, 372), as well as by streptococci and pyogenic 
cocci. Paratyphoid infection may be accompanied with purpura. 

Pyorrhoea Alveolaris (Bigg’s disease). — Eyre and Payne, and 
Goadby have isolated the following organisms in various cases ; 
M. citrous granulatus, 31. pyogenes , var. aureus , streptococci, 31. 
catarrJmlis , and diphtheroid bacilli. They may sometimes be 
causative, and occasionally an autogenous vaccine is successful. 


Bacteriology of Peritonitis (Constable, 1905). 
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Brew and Griffin* * * § find present in pyorrhoea Entamoeba gingivalis 
(p. 452), spirochaetes and treponemata, pyogenic cocci and other 
bacteria. They consider that mechanical injury starts the 
condition ; the tissues then become invaded by spirochaetes, 
which cause destruction of tissue and the formation of pockets# 
When once the pockets are formed bacterial invasion occurs. 
The amoebae when established in the pockets appear to aid in the 
destruction of tissue. B obeli, however, considers that this 
amoeba has no pathogenic action. Box does not consider bacterial 
invasion the primary factor, though it plays a part in the later 
stages. 

Rheumatism (Acute). — The opinion has gained ground of 
late years that acute rheumatism is an infective disease. A 
number of observers have isolated streptococci and micrococci 
in this disease Menzer considers that rheumatic fever is not 
due to any one organism, but is a particular reaction in predis- 
posed persons to various microbes, especially streptococci. In 
1897 Achalme isolated an anaerobic anthrax -like bacillus which 
agrees in all its characters with the JB. welchii as shown by the 
author f ; it is probably a terminal infection or a contamination. 
Poynton and Paine J m 1899 obtained from eight successive 
cases a diplococcus (Z>. rheumaticus) which in broth develops mto a 
streptococcus. Injected intravenously mto rabbits the diplo- 
coccus frequently produces enlargement and inflammation of the 
joints with effusion, and occasionally valvulitis and endocarditis. 
In man the organism was demonstrated in the vegetations, 
pericardium, tonsils, and rheumatic nodules, and lias been 
isolated from the blood, pericardial fluid, cardiac vegetations, and 
tonsils. 

Andrewes and H order found that two strains of the 1). rheit- 
maticus corresponded with the 8 fcecalis . 

Beattie § also obtained, a streptococcus from the synovial mem- 
brane of cases of acute rheumatism, which regularly produced 
arthritis, and occasionally endocarditis, in rabbits. Beattie 
and Yates || isolated streptococci from all of thirty-two cases 
giving definite rheumatic histories, and nineteen out of thirty-one 
strains tested produced arthritis in rabbits. Goadby has observed 
similar effects with a streptococcus obtained from the mouth. 

Miller inoculated a number of animals with blood and serum. 


* Journ. Roy. Microscop . Soc 1917, pt. 2 (April), p. 185. 

■f* Trans . Rath . Soc. Lond ., vol. lii., pt. ii., 1901, p. 115. 

J Lancet , 1900, vol. ii.. pp. 861 et seq. ; Trans. Rath. Soc. Lond., vol. lv., 
1904, p. 126. 

§ Journ. Pathol, and Bacteriol., vol. xiv., 1910, p. 432. 
j| Ibid., vol. xvii., 1913, p. 538. 

^ Journ . Exper , Med,, vol. xl., 1924, p. 525, 


35 — 
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joint fluid and other material taken from patients during the acute 
stage of rheumatic fever with negative results. 

The manner in which typical acute rheumatism generally 
reacts to salicylates suggests a protozoan organism, if an organism 
he the cause. 

Rheumatoid Arthritis (Arthritis Deformans). — This disease, 
which is probably not a single one, may sometimes be caused 
by an intestinal, urinary, pyorrhoeic, or other toxaemia. Blaxall * * * § 
found in the synovial fluid, and occasionally in the blood, a 
minute polar-staining, G-ram-negative bacillus measuring 2 ^ 
m length, stained only by prolonged (three to five days) 
immersion in anilin methylene-blue. The organism can be culti- 
vated on agar, on serum, and in broth. In broth, after three days, 
minute shining, yellowish particles appear and increase in amount, 
giving rise on shaking the flask to an appearance of tc gold dust.” 
Inoculation experiments on animals failed. 

Poynton and Paine f isolated a diplococcus (? a form of their 
JD. rheumaticus) from an osteo -arthritic joint, which produced 
arthritis, with osteo -arthritic changes, when injected intra- 
venously into rabbits. 

Crowe % found a micrococcus of peculiar type in the urine 
in many cases. It may be isolated on neutral-red egg medium, 
and a vaccine prepared with it seems to be of service m treatment. 
The organism is allied to the M . epidei mtfas and has been named 
by Crowe 31. deformans. 

Kauntze § considers many cases are caused by a toxsemia derived 
from coliform bacilli in the intestine. The particular species 
involved may he identified by agglutination with the patient’s 
serum. 

Rhinoscleroma. — A bacillus has been described in this disease. 
It is a short rod, with rounded ends, encapsuled, and frequently 
linked in pairs. The organism is non-motile. Gram-negative, 
and forms on gelatin a whitish growth without liquefaction like 
that of Friedlander’ s pneumo -bacillus. Milk is not coagulated. 
The organism is slightly pathogenic. It is doubtful if it is the 
causal agent. 

Rinderpest. — Simpson, Koch and Eddington described bacilli 
in this disease, hut Kicolle and Adil-Bey have found that the 
virus passes through a porcelain filter, and the organism therefore 
is probably ultra-microscopic. 

Skin Diseases (see also pp. 441, 444) : JLcne . — In the acne 
pustules, the 3/. pyogenes , var. aureus , with or without var. albits , 

* Lancet , 1896, vol. i., p. 1120 (Bibliog.). 

t Brit. Med . J our n., 1902, vol. i., p. 79. 

t Lancet, 1913, vol. L, p. 1377, and vol. h., p. 1460. 

§ J ourri. of Hyg ,, vol. xxiii., p. 389. 
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is almost, invariably present, and a staphylococcic vaccine 
generally acts extremely well. In the comedo.es a Gram -positive, 
Hofmann -like bacillus (B. acnes) is present in considerable num- 
bers, and may be the cause of the comedo. This organism was 
cultivated by Fleming on a neutral agar to which glycerin and 
oleic acid are added. Sudmersen and Thompson * cultivate it 
on an acid ( -f* 40) serum -agar. The organism is anaerobic, at 
least at first, and will grow in glucose -agar stabs. In culture the 
organism is diphtheroid. A vaccine prepared with it is of service 
m the comedo stage. 

Eczema is produced by the action of the pyogenic cocci (41. 
pyogenes, var aureus and albus). Virulent "cultures of these 
organisms, with or freed from their toxins, seem, however, to 
produce an impetigo rather than eczema. But the filtered 
cultures, i.e , toxins, are harmful to the skin, and when applied 
to it for one or two days by means of moist warm pads a typical 
papular or vesicular eczema ensues. Probably m the human 
subject m addition to the micro-organisms some peculiarity in 
the soil is necessary for the disease to develop) f In so-called 
seborrhoeic eczema, a non -liquefying micrococcus which forms 
butyric acid has been isolated 

Impetigo . — The large vesiculo -bullous eruption of impetigo 
contagiosa is caused by the Strejjfococcus pyogenes ; the small 
pustule m the neighbourhood of hair -follicles, impetigo of Bock- 
hart, is caused by the 41. pyogenes, var aureus. The 2? diphthei ice 
may also cause an impetigo (p. 249). 

Pemphigus . — A diplococcus was isolated m acute pemphigus 
by Demme, and m the chrome form by Dahnhardt, and by 
Bulloch and Russell Wells. The organism is Gram -positive and 
forms a thick white, shining growth oil serum and on agar In 
stah agar the growth has a "nail -shaped ' 5 appearance. The 
colonies on agar are at first round, but latei, m seven days, they 
throw out lateral projections and assume a rosette appearance. 
On gelatin the growth is slow and slight, with some, but not 
marked, liquefaction. Du potato a whitish, semi-transparent 
film forms. Milk is curdled. In broth it causes a general turbidity, 
with a whitish sediment, and sometimes a pellicle, which soon 
sinks Guinea-pigs and mice inoculated or vaccinated with the 
organism died m four to eight days, fine haemorrhages occurring 
in the lungs, and the cocci were obtained from the blood. Xo 
bullse appeared on the skin. Eberson, from seven patients with 
chronic pemphigus, obtained a small non -motile Gram -positive 
anaerobic bacillus. J 

* J our n. of Pathol, and Bacteriol vol. xiv., 1910, p. 224. 

t Whitfield, Practitioner , February, 1904, p. 202. 

f Arch, of Dermal, and Syph., August, 1923, p. 202. 



550 


A MANUAL OF BACTERIOLOGY 


The B. pyocyaneus may cause dermatitis and bullous eruptions 
(see p. 216), and pyogenic cocci or their toxins may produce 
various bullous eruptions, e.g ., pemphigus neonatorum and con- 
tagxosus and hydro a gestationis. 

Trachoma.— Various organisms have been observed in this 
disease, e.g., a diplococcus by Sattler, gonococcal-like organisms 
by Lindner and others (it is even suggested that the organism 
may be an involuted ” gonococcus), the Koch- Weeks bacillus, 
the Morax-Axenfeld diplobacillus and the pneumococcus. Minute 
cell-inclusions, which may be demonstrated by the Griemsa 
method, are present in the epithelial cells, regarded by Halber- 
staeder and Prowazek as Chlamydozoa. Noguchi has cultivated 
an extremely minute coccoid form. The disease is inoculable on 
apes and the virus is stated to be a filter-passer. The causative 
organism cannot yet be said to be known. 

Undulant Fever .* — Synonyms : Rock, Mediterranean or Malta 
fever. A disease met with especially on the Mediterranean 
littoral, but also in South Africa, India, China, the Philippines, 
and the subtropical countries of America, and clinically often 
simulating typhoid fever. 

A minute organism, commonly called a micrococcus, but 
probably a small bacillus (M. or B. [Brucella\ melitensis), first 
described by Bruce, is the cause of the disease. 

Microscopically, the organism from young cultures occurs 
mainly as a coccus, single, in pairs, or m short chains, though in 
older cultures bacillar forms are seen ; it is easily stained by the 
ordinary anilin dyes, but is G-ram -negative. In hanging-drop 
cultures it shows an active Brownian movement, but probably 
not true motility. The organism may be isolated from the blood 
during life and from the spleen of a cadaver. 

On agar it grows as minute transparent colonies, which first 
appear when inoculated from the spleen in ninety to 125 hours. 
In thirty-six hours more the colonies become amber-coloured, and 
later still, in four to five days, they become opaque, of a slightly 
orange colour, and round with granular margins. On gelatin a 
whitish growth slowly forms without liquefaction, and in broth a 
diffused cloudiness forms, with a white deposit and without film- 
formation. Litmus milk becomes alkaline without curdling. 
Alkali is also produced in glucose media, but galactose, maltose, 
and saccharose are unchanged (see table, p. 229). The distribu- 
tion of the B. melitensis in the body corresponds closely with 
that of the B. typhosus ; thus it is abundant in the spleen, rela- 
tively scanty in the blood, and is excreted in the urine. 


* See Reports of the M editerranean Fever Commission, (Royal Society) 
pts- i.-vii., Harrison & Sons, 1904-1907. 
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The B. mehtensis maintains its vitality outside the body in 
the dry state m dust or on clothing for two to three months, in 
tap- or sea-water for a month. The thermal death -point is about 
55° C. 

Inoculated into the monkey, a febrile condition is produced, with 
enlarged spleen, sometimes terminating in death, the course of 
the temperature resembling that of the disease in man. Large 
doses of culture are required to kill guinea-pigs, and Durham 
found that intra-cerebral inoculation is the most effective method. 
For the diagnosis of the disease the agglutination reaction is 
most valuable. It may be carried out by the microscopic method, 
a forty-eight-hours ’ broth culture being employed, and dilutions 
of 1 in 30, 1 m 50, and 1 m 100 prepared, as well as controls with 
normal serum, for old laboratory strains sometimes agglutinate 
with normal serum in dilution of 1 m 20 or 30 oi more It ha* 
been stated that if the serum he first inactivated at 56" C , the.se 
false positive reactions are avoided, but this is doubtful. The 
preparations should be examined with the oil-immersion lens. 
Bassett-Smith * prefers the sedimentation method, foi which 
an emulsion of a forty-eight-hour-old agar culture m physiological 
salt solution should be employed. Three dilutions of the serum 
are made, 1 in 40, 1 m 100. and 1 in 400, and the tubes aie placed 
m the blood-heat incubator for two hours and the results noted. 
The tubes should then be allowed to stand at laboratory tempeia- 
ture and the results recorded after a further period ot twelve 
hours. In some 2,000 observations, only once was a positive 
agglutination obtained with a control serum Complement- 
fixation tests may also be employed and are satisfactory Absence 
of agglutination does not necessarily negative a diagnosis oi 
undulant fever : in cases of long duration it may be absent. 
Isolation of the organism from the blood is anothei method that 
may be used, but similarly may fail m long-standing cases. 

The organism is highly infective for man, and the disease may 
be conveyed to monkeys by contact, by inhalation of mteeted 
dust, and by feeding. Mosquitoes and other insects do not seem 
to convey it. 

The investigations of the Mediterranean Fever Commission have 
shown that the main source of mfection of man is by goat’s milk. 
Groats may be infected (and are largely so m endemic districts, 
e.g., Malta and South Africa) without showing any symptoms, 
and excrete the organism in large numbers m their milk. By the 
elimination of infected goats and sterilisation of the milk, com- 
paratively little undulant fever now occurs in Malta. 

Tox'in, vaccine , and serum therapy . — The B. melitensis forms no 


* Jowrn . of Hyg., xii., 1912, p. 497, 
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extra -cellular toxm, but Macfadyen obtained an endotoxin by 
disintegration. Attempts to prepare an anti-serum lave not been 
successful. A vaccine prepared with cultures killed by beat 
has been used in the chronic form of the disease by Bassett- 
Smith * * * § and others with some amount of success (dose 100 to 
500 millions every five to seven days). 

An organism, the B . paramelitensis, has been found by Negre 
and Raynaud in certain cases of undulant fever. In such cases, 
the blood may not agglutinate the B. melitensis, but does agglu- 
tinate the B . paramelitensis . 

Contagious abortion of cattle is a disease caused by the Bacillus 
abortus of Bang. This organism is identical in many respects 
with the B. melitensis . Morphologically and culturally the two 
organisms are practically the same, though perhaps the B. abortus 
grows better if the oxygen tension be somewhat reduced. B . 
aboitus is agglutinated by melitensis serum to full titre and 
completely absorbs the latter. B . melitensis is agglutinated by 
abortus serum to full titre and completely absorbs the latter. 
Melitensis serum only slightly agglutinates paramelitensis, and 
vice versa . Baramelitensis serum only slightly agglutinates B. 
abortus , but aboitus serum agglutinates paramelitensis up to halt- 
titre.f It may be that these three organisms are races of one 
species. 

Contagious abortion is a common infection of cows, and B. 
abortus must frequently occur m cow’s milk, but the organism is 
not usually pathogenic for man. A few cases of an undulant 
fever in man caused by an organism of the B . abortus type have, 
however, been reported. J For the guinea-pig, B. melitensis is 
about six times as virulent as B. abortus , and this low virulence 
of B. abortus may be the explanation of the rarity of abortus 
infections in man. 

Varicella. — This is probably caused by a filtrable virus, but 
little is known about it. It may be related to the virus of herpes 
zoster. § 

Verruga. — A disease occurring in Peru and other parts of S. 
America. Two forms have been described : a chronic granulo- 
matous one and an acute form attended with high fever (Oroya 
fever or Carrion’s disease). The latter is either an acute disease 
occurring in a verruga patient, e.g., a paratyphoid infection as 
found by Barton in some cases, or a distmct disease in which 


* Journ. of Hyg., vol. vii., 1907, p. 115. 

f Khaled, Joum . of Hyg., vol. xxn., 1923, p. 335. 

J See tc Malta Fever,” by Alice Evans ; Public Health Reps., U.S. Pub. 
Health Service, 1924, p. 501 (Bibliog.). 

§ See Rivers and Tillett, Joum. Beeper. Med., vol. xxxviii., 1923, p. 673 
(Refs.), and ibid., vol. xl., 1924, p. 281. 
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peculiar bodies, something like piroplasmata, are present in the 
red corpuscles ( Bartonella , ? a protozoon). The disease may be 
conveyed by mosquitoes 

Micro-organisms of the Skin and Mucous Membranes* 

SJcin . — In the normal clean skm micro-organisms are scattered 
here and there m cracks of the horny layer and in crevices around 
hairs and glands, but such skm is not swarming with microbes. 
The S. pyogenes and 31. pyogenes, var. aureus, alb us , and at teas , 
and the 31. eptdeinitdis ( albus ) of Welch., are the commonest (see 
p. 208). Equally common on the skm and scalp is the scurf micro- 
coccus isolated by Gordon (see table, p. 208). Sarchne, bacilli, 
and moulds occur also. On the skin of the groin, scrotum, and 
vulva the smegma bacillus occurs. From sweating leet various 
organisms have been isolated, which on culture evolve a dis- 
agreeable odour, among which is the Bade) nun fetid um of Thm. 

Conjunctiva — Some observers have stated that the conjunctiva 
is generally sterile. A certain number of organisms are* howevei, 
usually present, though they are not numerous, the commonest 
species being the 3Iicrococcus epidermidis (albus) of Welch, and 
if artificially inoculated the excess is rapidly eliminated. The 
B. xerosis can often be isolated. 

Lawson * found the normal conjunctiva to be steiile m 20 per 
cent of cases and pyogenic cocci to be rare, and, when present, 
non -virulent. 

Nose. — In the anterior naros, crusts and vibrissse micro-organisms 
are present m great abundance, but, contrary to the usual opinion, 
St. Clair Thomson and the author f showed that the mucous 
membrane of the interior of the nose is compaiatively sterile, 
and when organisms are present they are very scanty compared 
with the number of organisms inspired. Moreover, organisms 
artificially deposited were found to be rapidly disposed of. After 
two hours, for example, B. prodigiosus inoculated on to the 
inferior turbinate could not be detected by cultivation. Wurtz 
and Lermoyez asserted that the nasal mucus is germicidal, but 
St. Clair Thomson and the author % were unable to confirm this, 
though it may have an inhibitory action. 

A.ir -passages. — Below the larynx under normal conditions the 
air-passages are free from micro-organisms. Expired air is also 
free from organisms, and the air from the naso -pharynx after 
passing through the nasal cavities is deprived of the majority of 
its organisms. 

* Trans. Jenner Inst. Prev. 3Ied., vol. ii., p. 56 ; also Griffith, Thompson 
Yates Lab. Pep., vol. iv., pt. i., 1901, p. 99. 

j* 31 edico -GMrurg. Trans., vol. Ixxviii., 1895 (Bibliog.). 

% Lancet , 1896, vol. i., p. 86. 
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Mouth. — Micro -organisms of all kinds are present in the buccal 
cavity in the greatest abundance — leptothrix, bacilli, pyogenic 
cocci, sareina?, and spirilla are almost always to be found. The 
Streptococcus pyogenes, M. pyogenes, var. aureus , and Stregrtococcus 
pneumonia: are frequently present. Certain organisms have their 
normal habitat in the mouth, are difficult to cultivate, and are of 
considerable importance m the production of dental caries.* 
Well-defined micrococci and streptococci also occur m the saliva 
(3/. saliva) ius, p. 209, and S. sahvarius , p. 212). The normal 
saliva is germicidal to some extent. (See also p. 425.) 

Stomach and intestine . — Although a vast number of organisms 
gain access to the stomach, a large number are destroyed by the 
acid gastric juice. At the same time a considerable proportion 
are able to survive — sareinse, and lactic and butyric acid bacilli. 
In normal nurslings the mouth and stomach contain few bacteria 
— a few cocci, and some bacilli of the B . coli and B. lactis aeiogenes 
groups. The small intestine contains organisms of the same 
types, but scantily. In the large intestine bacteria are extremely 
numerous, particularly Gram-positive ones. These are mostly 
slender, slightly curved bacilli of moderate size, the B. bifidus of 
Tissier, which often has a bifid extremity, also a somewhat similar 
organism, B. acidophilus of Moro. but capable of developing in an 
acid medium, a few B. welchii , and a diplococcus. The Gram- 
negative forms are B. coli , B. lactis aerogenes, and cocci. In bottle- 
fed children the same organisms occur, but the preponderating 
organisms are Gram-negative of the B. coli type, with many cocci 
and streptococci. In childhood and adolescence organisms of the 
bifidus type become less numerous but putrefactive anaerobes 
become more so, particularly B. welchii and B . putrificus (coli) of 
Bienstoek ; the latter is a long, slender. Gram-positive bacillus 
with large terminal spores. During adult life the putrefactive 
anaerobes tend to become still more numerous, and the putrefac- 
tive decompositions they produce were regarded by MetchmkoiS 
as standing m causal relation to old age. In the healthy adult 
the stomach, duodenum and jejunum contain relatively few 
organisms ; from the lower ileum to the rectum the intestinal 
contents are crowded with bacteria, and the greatest number of 
anaerobic organisms occur here and putrefactive changes are 
most in evidence, f Kendall J has described the presence of a 
bacillus (B. infantilis) in large numbers in a condition of infan- 
tilism, associated, according to Herter, with chronic intestinal 
infection. The organism is a Gram -positive, motile, sporing 


* See Goad by. Mycology of the Mouth. 

t See Herter, Bacterial Infections of the Digestive Tract , 1907. 
J Journ. Biolog. Chemistry, vol. v., p. 419. 
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bacillus belonging to tlie subtihs group. It is aerobic and faculta- 
tively anaerobic, grows readily on the ordinary culture media, 
and ferments dextrose and saccharose with the production of 
acid only, but lactose is hardly attacked. In a dog and a monkey 
diarrhoea was produced by feeding with it. 

Urinai y and genital organs .— The meatus urmarius and distal 
portion of the urethra contain a few organisms, which increase in 
number in inflammatory conditions, and Gram-negative cocci 
may be found (see p. 229). A few spirochaetes may also be present 
in the normal urethra. The deeper portion of the urethra, how- 
ever, is free from organisms, and the bladder is sterile. The 
genital tract m the female up to the middle zone of the cervix 
contains organisms, but the uterus and Fallopian tubes are 
normally sterile. The B. vagmce of Doderlein, a large Gram- 
positive bacillus capable of growing in an acid medium, is 
frequently present in considerable numbers in the vagina. 



CHAPTER XXII. 


THE BACTERIOLOGY OF WATER, AIR, AND SOIL, AND THEIR 
BACTERIOLOGICAL EXAMINATION — SEWAGE — BACTERIO- 
LOGY OF MILK AND FOODS— COMMON ORGANISMS OF 
AIR, WATER AND SOIL 

Bacterial Content of Waters and the Factors 

INFLUENCING IT. FILTRATION, ETC. 

The bacterial flora of natural waters is a varied one. The 
organisms met with in surface ivaters, such as streams, ponds, 
and shallow wells, are derived from the air and soil through 
which the water has passed. Provided contamination from 
human or animal sources, from the air of towns, or from sewage 
or manure, be excluded, they are mostly bacilli together with 
some sarcinae and micrococci, many of which may be chromo- 
genie. They are generally non-pathogenic and non-liquefying, 
and for the most part develop best at 20°— 25° C. B. coli and 
B . welchii * are usually absent. When, however, the water 
passes through cultivated lands, or receives sewage, the 
number of organisms is enormously increased ; a large propor- 
tion of them liquefies gelatin and develops at blood-heat, and 
B. coli and B. welchii appear more or less numerously. Whereas 
water from shallow wells has a bacterial content nearly as 
great as the surrounding surface water, that from deep wells, 
especially in the chalk, is remarkably free from organisms. 
The following table illustrates the number of organisms that 
may be met with in water from different sources : 


Source. 


Number of organisms 
per cubic centimetre. 

Freshly fallen snow 


34-38 

lee .... 


(very variable) 30—1,700 

Rain water (Paris) 


4-5 

Rhone, above Lyons 


75 

Rhone, below Lyons 


800 

Rhine, at Muhlheim 

* 

average about 20,000 


* This name is retained in this chapter to indicate a group of closely allied 
organisms of which the principal members are JB. perfringens and JB. (enter i- 
tidh) sporogenes (see pp. 392, 398). 
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Source 

Thames, at Hampton (Frankland.) . 
Deep well m the elialk (Kent Com- 
pany) ..... 
Surface well .... 

Spring water, Reigate (Frank! and) . 
Hake of Lucerne .... 
Loch Katrine (Frankland) 

Filtered water supplied to London 
(Houston) .... 

Sewage (Frankland) 


Number of organisms 
per cubic centimetre 

(variable) 2,000—90,000 

3-19 

1,200 

8 

8-50 

74 

average rarely exceeds 100 
26,000,000 


Tlie number of bacteria m a natural water varies con- 
siderably with, its source, at different seasons, and under 
different climatic conditions, particularly the rainfall. 

As regards seasonal variation the figures for raw Thames 
water at Hampton may be quoted (the year being April- 
March inclusive). The average gelatin count for 1915-16 was 
10,315 per c.c. ; for 1923-24, 2,735 For 1923-24, the 
minimum count was 1,442 m August, 1923, and the maximum 
12,040 m Feburary, 1924 By various methods of treatment 
of a raw water, the number of organisms may be reduced . 

(1) Storage of unjiltered water . — A large storage capacity 
permits of the water being admitted when the source (river, 
etc.) is in its best condition, so that foul water, m flood time or 
drought, may be avoided. Moreover, storage alone usually 
markedly diminishes the number of organisms, partly by 
subsidence, partly by lack of aeration, and partly probably 
owing to the struggle for existence going on among them. 

(2) Sand filtration — Efficient sand filtration removes 
quite 99 per cent of the organisms originally present. The 
fine sand only has to be taken into account in estimating the 
removal of organisms and efficiency of a filter bactenologically. 
It probably should form a layer not less than 3 ft. to 3 ft. 6 in. 
in thickness. 

The removal of organisms is less perfect when the rate of 
filtration is rapid. At the Metropolitan Water Board Works 
the rate of filtration varied from a minimum of 0*98 (Hampton) 
to a maximum of 2*53 (Stoke Newington) gallons per square 
foot per hour during 1919-20. 

New, or recently cleaned, filter-beds allow a large number 
of organisms to pass through. A filter-bed, which is not 
efficient at first, becomes so when the surface film forms, 
composed of sedimented particulate matter, and of a zoogloeal 
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mass of bacteria and algae. The beds must be cleaned 
occasionally by raking up and clearing away the surface layer 
of sand, for as time elapses the rate of filtration becomes slower 
and slower, though the bacterial efficiency of the filter-beds 
does not appear to be reduced by prolonged use. The normal 
bacterial efficiency is rapidly regained after cleaning — within 
two or three days. 

(3) Sedimeyttation . — Besides storage and filtration, sedimen- 
tation in the presence of fine particles, either naturally present 
or artificially added, may also effect a marked removal of 
micro-organisms from water. Thus, by the addition of alum 
an old method of clarifying turbid water, a large number of 
the organisms present are carried down in the precipitate. 

The Clark process of softening water may also reduce the 
number of organisms present, but is very uncertain (Moor and 
Hewlett). By the Porter-Clark rapid process, however, m 
which the precipitate of calcium carbonate is removed by 
filtration through canvas bags, very considerable purification 
is effected.* 

Houston has introduced an cc excess lime 55 method. Enough 
lime is added to the water to render it decidedly alkaline 
and germicidal for the colon bacillus in five to twenty-four 
hours (for raw Thames water, about 1 part of lime in 5,000 
parts of water). At the end of this period a sufficiency of 
water purified by storage is added so as to precipitate the 
excess of lime. With Thames water, 3 parts of lime- treated 
raw "water with 1 part of stored water would be the approxi- 
mate quantities- By this treatment the water is both purified 
and softened. The method has been used m India with 
success m killing Cyclops, the intermediate host of the guinea- 
worm. 

The table on p. 559 illustrates the influence of sand filtration 
and of storage on the bacterial content of a water. 

(4) Chlorination . — Chlorination has become increasingly 
used as a means of purifying water, and all Thames- derived 
water supplied to London by the Metropolitan Water Board 
is now so treated. 

Chlorination may be applied by the use of liquid chlorine, 
chloride of lime, or chloros (hypochlorite of soda). If liquid 
chlorine can be obtained, it is the easiest to apply. The 
chlorine is supplied in lead-lined iron cylinders and is admitted 
to the water continuously, the amount being under control by 

* Xankivell, Journ. of Hyg., xi., 1911, p. 246 ; Hewlett and Nankivell. 
Mep. Med . Off. Lae. Gov. Board for 1911-12, p. 350. 



Effect of Storage and Filtration on the Bacterial Content of Water (Houston, 1920). 
Ten -year period, April, 1908 — March. 1918. 
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(This table is retained from the last edition, as clilonnatnm has been a 
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means of a regulating valve. Tlie amount of chlorine to be 
added will vary with the amount of organic matter present in 
the water. Moor and Hewlett * showed that 025 part of 
chlorine per million parts of a chalk water with relatively 
little organic matter is sufficient to kill B. coli within half an 
hour. This corresponds to about 0*75 part of good chloride 
of lime, which contains about one- third of its weight of 
“ available 55 chlorine. If too much chlorine is added, a 
pronounced flavour is imparted to the water. A slight 
chlorine flavour soon disappears if the water is allowed to 
stand, or is passed over a weir so as to aerate it, before con- 
sumption, or some agent may be added after chlorination so 
as to destroy excess, such as sodium sulphite or potassium 
permanganate. 

Tor the New River Water of the Metropolitan Water Board 
the amount of chlorine used varies from 0*2 part to 4 0 parts 
per million gallons, according to the state of the water, and 
when the dose of chlorine is more than 0*5 part per million 
gallons, potassium permanganate is added as well (2-8 lbs. 
per million gallons), and besides destroying excess of chlorine, 
assists in the purification. It is stated that th^ addition of 
ammonia (one half part per million) before chlorination 
increases efficiency of chlorination, probably by the formation 
of a chloramine. After chlorination, besides the chlorine 
taste, other flavours may be noticed, particularly an iodoform 
one. This is probably due to absorption from the air of traces 
of phenol (derived from smoke), which forms a compound with 
the chlorine. The folio wing table illustrates the results of 
the B. coli test obtained without and with chlorination of 
New River filtered water : 


Period. 

+ 

100 c c 
(or less) 

10 c c 
(or less) 

4* 

1 c c 
(or jess) 


Per 

cexit 

Per 

teat 

Per 

cent 

Three months’ average, jSTov., Dec , Jan., for ten 
years, 1906—16. No chlorination . 




38 9 

11*8 

1-3 

Same three months’ average, 1918—19. No 




chlorination ...... 

61 '4 

22-5 

3-6 

Same three months’ average, 1917—25, highest 

30*1 

6-2 

1-6 

and lowest results with chlorination . . \ 

9*2 

1-4 

0-0 


(Nineteenth Annual Report , Metropolitan Water Board.) 


* i?ep. Med. Off. Log. Gov . Board for 1909-10, p. 559. 
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The Bacteriological Examination of Water * 

The bacteriological analysis of water affords valuable 
indications of the purity or pollution of a water, and will 
reveal a pollution so small in amount as to be incapable of 
detection by chemical methods. 

The specimen of water should be collected in clean sterile 
bottles of about 100-200 c.c. capacity. Failing sterilisation, 
the bottles may be rinsed with a little strong sulphuric acid, 
and then thoroughly rinsed several times with the water to be 
examined before taking the specimen. Care must be taken 
not to soil the stopper of the bottle, which may be tied down 
with a thm layer of cotton-wool enclosed between two pieces 
of muslin, but a glass-capped stoppered bottle is to be pre- 
ferred. In taking the specimen the bottle should be not quite 
filled, and the following details observed : 

(1) If taken from a tap, the water should be allowed to flow 
for five minutes before the specimen is collected 

(2) The water from a cistern is not representative of the 
water-supply , to be so the specimen must be taken direct 
from the mam. 

(3) If taken from a stream or pond, the bottle should be 
held about a foot below the surface and away from the edge 
before the stopper is removed. 

(I) If taken from a well the conditions should be noted, 
e.g. } whether the well has been recently disturbed or not, 
whether the pumps have been m operation, etc , for such 
factors may influence the number of bacteria found. 

The specimen should then be examined with as little delay 
as possible, for if allowed to stand for any time a large increase 
in the number of bacteria may take place. Frankland, for 
example, found that in distilled water, even at the ordinary 
temperature, organisms multiply enormously : 


Hours 

0 . 




Organism-, ptn c e 

1,073 

6 . 

• 



6,028 

24 . 

. 



7,262 

48 . 

• 



48,100 


In water of good quality the organisms are found to multiply 
much more rapidly during the first few days, after which tune 

* See Thresh, Examination of Water and Water Supplies (Churchill, ed. 3, 
1925) ; Prescott and Winslow, Elements of Water Bacteriology (Chapman and 
Hall, ed. 4, 1924) ; Houston, Gordon and others in Reps. Med. Off. Loc. 
Gov. Board , 1899-1904; Houston, Reports to the Metropolitan Water Board 
and St'udies in Water Supply (Macmillan & Co., 1913). 


M.B 


36 
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they become less and less numerous ; but in impure water 
multiplication is slower, and the number more constant, while 
in very impure water the number may diminish. It is essential, 
therefore, if reliable results are to be obtained, for the specimen 
to be examined at once (within three hours). If this cannot 
be done the specimen should be packed in ice ; the cold will 
then prevent appreciable multiplication. Special insulated 
boxes containing a metal chamber for ice and compartments 
for the sample bottles are procurable. The addition of 10 per 
cent, of common salt to the sample has been stated to preserve 
the original bacterial content of the water unaltered up to 
ninety-six hours after taking the sample, without icing, but 
Haju and Fox find it unreliable. Besides the sample packed 
in ice, a Winchester quart of the water may also be collected 
if a search for sporing organisms, e.g B. welcfoi, is required. 

The routine bacteriological examination of the specimen 
may be carried out according to the following scheme (here 
somewhat modified) drawn up by committees of the Royal 
Institute of Public Health * * 

Procedures. — The following procedures should be carried 
out : 

(a) Enumeration of the organisms which will develop 
aerobically in gelatin at 20° C. 

(b) Enumeration of the organisms which will develop 
aerobically in agar at 37° C. (Enumeration is carried out 
by counting the number of colonies which develop m the 
plates [see below].) 

(c) Search for Bacillus coli , and identification and enumera- 
tion of this organism if present. 

(d) Search for, and enumeration of, streptococci 

As a routine measure it is not necessary to search for the 
Bacillus welckii group, but in special instances it may be 
desirable to do so. 

The bottle must be well shaken to mix the sample. Before 
removing the stopper, it and the neck of the bottle should be 
swabbed with absolute alcohol, which is then ignited and 
allowed to burn away. 

Media, Time of Incubation, etc. — For the gelatin count 
ordinary nutrient gelatin is employed, the period of incubation 
being seventy-two hours. In hot weather it may be necessary 
to use 15—20 per cent, gelatin (unless an incubator which can 
be cooled is available), but the development of the colonies is 


* J Crittn* State Med .* vol. xix., 1904, p. 4/1, and vol. xxii., 1914, p. 558. 
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slower. For the agar count ordinary nutrient agar is used, 
the period of incubation being forty to forty-eight hours. 

The media should preferably be recently prepared and be 
standardised to a reaction of + Id. 

In addition to the actual numbers of organisms which 
develop in the gelatin and in the agar, a comparison of the 
ratio of the number of organisms developing in gelatin at 
20° C. to those developing in agar at 37° C. also gives useful 
indications. With a pure water this ratio is generally con- 
siderably higher than 10 to 1 , with a polluted water this ratio 
is approached, and frequently becomes 10 to 2, 10 to 3, or 
even less. The actual number of organisms growing at blood- 
heat is of considerable value apart from any question of ratio. 

In certain instances it is true that this ratio may be unreliable. 
Thus with surface waters, especially in the tropics (as pointed 
out by Horrocks) varieties of the B. jhiroescens liqnefaciens 
and non-liquefaciens and B . liquefaciens may be abundant and 
grow well at blood-heat 

Distilled water gelatin and agar have also been recommended, 
but since the organisms of polluted water develop better m 
the ordinary nutrient media, the latter are preferable for 
routine use. 

Amounts to be Plated, Size of Dishes, etc. Gelatin — For an 
ordinary water amounts of 0 1, 0 2 and 03 c c may be plated 
in Petri dishes of about 10 cm diameter, preferably done m 
duplicate. 

Agar . — Two plates may be made with 0 1 and 0 2-0*3 c c , 
and are preferably duplicated 

The desired volume of water should be run into the sterile 
Petri dish by means of a sterile 1 c.e prpette graduated m hun- 
dredths. The tubes of gelatin should be melted m a water-bath 
at a low temperature (40° C.). A tube is taken from the watei- 
bahh, wiped, its mouth is flamed, and the contents are then quickly 
poured into the dish and mixed with the water by tilt mg the dish 
several times. 

The agar tubes must first be boiled, then cooled to about 45' C., 
and similarly treated, or surface plates may be made. 

If waters are constantly being examined, it saves trouble to 
have the gelatin and agar in small flasks or bottles containing 
100 c.c. of medium or thereabouts. 

The amount of the medium in a plate should be 10 c.c. 

In dealing with a river water, and in cases of doubt, 
additional plates should be prepared with a ten- or hundred- 

go 2 
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fold dilution of the water (made with sterilised tap-water), 
according to circumstances. 

The counting is done with the naked eye, preferably in 
daylight, any doubtful colony being determined with the aid 
of a lens or low-power objective. The number of liquefying 
colonies in the gelatin plates should also be noted. The 
plates should be inspected daily, in order that the count may 
be made earlier should liquefaction render this necessary. 

In examining an ordinary drinking-water there is no need 
ever to dilute. As 1,000 or 1,500 colonies can be counted on a 
plate, and if the number on a plate should he, owing to crowding, 
uncountable, ipso facto this would he sufficient to condemn 
without an actual count. Dilution is necessary when dealing 
with river or other water known to he polluted, and of which an 
estimate of the number of organisms present is desired. In order 
to count the colonies if very numerous, mk lines may be drawn 
across the bottom of the Petri dishes so as to divide them into 
sectors. Kuled pajjer discs ( Fakes’ s discs) upon which the dishes 
are placed can also be obtained. The colonies in the sectors 
are then much more easily counted : or if the colonies he very 
numerous and evenly distributed, the number in one or two of 
the sectors may be counted, and the total number on the plate 
estimated by calculation. 

Search for Bacillis coli, etc. — Various media are employed 
for the detection of the presence of B. coli , and by taking 
varying amounts of the water a quantitative estimate can be 
made at the same time. The media generally used are glucose 
or lactose bile-salt peptone-water and neutral-red glucose 
broth. 

As a routine for a drinking water, a quantity of 100 c c. in 
all should be examined for the presence of B. coli , quantities 
from a minimum of 0T c.c. to a maximum of 50 or 100 c.c. 
being added to the tubes of culture medium. 

The water should be added directly to the tubes of culture 
medium. Culture media may be diluted with at least an 
equal volume of the water without interfering with their 
cultural properties, and boiling tubes or small flasks are used 
for the larger amounts. 

In the case of glucose or lactose bile-salt peptone-water, 
the medium may for the larger amounts, down to 10 c.c., he 
prepared of double strength. The inoculated media should 
be incubated at 37°— 40° C. for not less than forty-eight hours. 

While a lactose medium has the advantage of excluding Broteus 
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and other forms, which, though fermenting glucose, do not ferment 
lactose, and are therefore not typical B. coli, Houston has found 
that a glucose medium is more delicate than a lactose one. For 
general purposes, quantities of from 1 0 to 100 e.e. may be added 
to tubes of the medium selected. Houston cultures quantities of 
0 1, 1-0, 10 and 100 c.c. , here the gaps are rather wide. Green- 
wood and Yule consider that a series of quantities m geometrical 
ratio should be used. In practice it is best to put up two series, 
one of 100, 50, and 25 c c., and a second of 20, 10, 5, and 1 0 c.c. 
The first series is available if the water be of good to medium 
quality, the second if it be medium to bad. 

If the medium shows changes (acid -f gas) suggestive of the 
presence of B. coli , it is onl y presumptive evidence of the presence 
of this organism. Occasionally other organisms produce a 
similar change, e g ., B. proteus , B. lad is aetogenes , B. doacco. 

Isolation of Bacillus coli, if present. — If the presumptive 
test of the presence of JB . coli (acicl -j- gas) he positive in the 
primary cultures, the organism must be isolated and identified 
If several tubes show acid + gas, one or two of the tubes with 
the smallest quantities of the water should be used for tins 
purpose. 

Isolation is performed by making surface cultures on plates 
of either (a) litmus lactose agar , (b) litmus lactose bile-salt 

agar ; (c) Conradi-Drigalski agar, which the author generally 
employs ; or ( d ) neutral-red lactose bile-salt agar. (For 
composition of the media, see p 570 ) 

The agar medium is melted, poured into the Petii dishes, and 
allowed to solidify with the lids tilted so as to leave an aperture 
through which the steam may escape ; the plates may be dned 
in the warm incubator for half an hour The dilution is prepaied 
by adding one 3 mm. loopful of the culture (well shaken) to 8—10 c c. 
of sterile water m a test-tube. Of this dilution 1—3 drops are 
placed on the surface of a plate and spread with a stenle L-sliaped 
glass rod. The plates are incubated inverted at 37° C. Colonies 
develop within twenty -four hours. On the litmus media, B . coli 
colonies are large and pink ; streptococcal colonies, small, delicate 
and pink ; typhoid and dysentery colonies are small and blue. On 
neutral-red agar, JB. coli and streptococcal colonies are pink, the 
others are colourless. 

Identification of, and Tests for, the Bacillus coli. — Having 
obtained coli-like colonies on the plates made from the 
primary cultivations of the water, various tests must be used 
for identification. The organism should conform in morphology. 



566 A MANUAL OF BACTERIOLOGY 

motility and staining reactions with the characters of the 
typical B. coli as given at pp. 341—344, and must be subjected 
to various cultural tests, e.g the “flaginac” reactions of 
Houston (p. 344), which the author generally employs. The 
majority of human faecal B . coli give the flagmac reaction. 
If atypical B. coli (see pp. 341 and 354) are met with, the fact 
should be noted, but their significance is not yet fully 
determined. Experience shows that if a water yields glucose- 
fermenters, sooner or later it will contain lactose-fermenters. 

Streptococci. — It is a distinct advantage to search for 
streptococci. They may be looked for by making hanging- 
drop preparations of the fluid media employed for the 
preliminary cultivation of the B. coli (glucose or lactose bile- 
salt peptone water, etc. Glucose formate broth or glucose 
neutral red broth incubated for forty to forty- eight hours is 
the best). The presence or absence of streptococci in these 
tubes gives also a quantitative value to the examination, 
just as in the case of B . coli , and the result obtained should be 
stated. The streptococci can be readily isolated on Conradi- 
agar plates. 

According to Houston (Joe. cit.), toces contain at least 100,000 
streptococci per gramme. Tlie type of streptococcus generally 
present is one forming short chains, x> r °ducing a uniform turbidity 
m broth, acid and clot m litmus milk within Eve days at 37° C , 
and non -pathogenic for mice. (See p. 213). All but lactose- 
fermenters should be neglected. 

Bacillus walchii Group. — As already stated, it is not 
essential as a routine procedure to search for the Bacillus 
welckii group , though in certain instances it may be of 
advantage to do so. A negative result m such cases is 
probably of more value than a positive one. 

For the isolation of B. welchii , 50-100 c.c. of the water are 
added to 50-100 c.c. of sterile milk contained in an Erlenmeyer 
flask of suitable size. Not less than 200 c.c., and preferably 
500 c.c. of the water should he examined. Tlie flasks are then 
heated in a water-bath to 80° C. for fifteen to twenty minutes, 
some sterilised liquid paraffin, oil or melted vaseline is poured on 
the surface to exclude air, the flasks are cooled in water to 37° C. 
or thereabouts, and incubated for forty-eight hours at 37° C. The 
typical change in the milk (see p. 393) indicates the probable 
presence of the organism.* The filter-brushings 5 5 method 


* R. T. Hewlett, Trans. Path. Soc. Bond., vol. lv., 1904, p. 123. 
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(No. 1, p. 573) may also be used, but is not so good as tbe fore- 
going one. 

The virulence of a peptone-water culture lias "been suggested as an 
index of contamination, but in tbe author’s bands bas not given 
reliable results. If sufficient peptone and salt be added to a 
measured volume of tbe water to form a 1 per cent, solution of tbe 
former and a J per cent, solution of tbe latter, tbe mixture incu- 
bated at 37° C. for twenty-four hours and injected intraperi- 
toneally into a guinea-pig, a bad water is stated to kill, whereas a 
good one does not. Tbe amount to be injected is 2 c.c., and death 
should ensue within forty-eight hours. 

Interpretation of Results. — The interpretation of the results 
of the bacterioscopic examination of water is a difficult matter, 
for which experience is necessary. Just as in chemical 
analysis, it is not possible to lay down an absolute standard, a 
knowledge of the source and surrounding conditions being of 
the greatest importance in forming an opinion. The ultimate 
aim is, of course, the detection of sewage or faecal pollution ; 
the bacterioscopic analysis does not give any information as 
to the suitability of the water for household, trade, or factory 
purposes. 

Number of Colonies on the Gelatin Plates. — The number of 
colonies represents approximately the number of organisms 
in the original sample capable of development aerobically at 
20° C. m gelatin. This number in a good water rarely exceeds 
100 or 150 ; in pure waters, particularly those coming from 
deep chalk-wells, there may he only a few — 5-10 per c c. (the 
results are always expressed in numbers per cubic centimetre 
of the original water). In waters of poorer quality the number 
may approach 500 per c.c. Anything over this casts suspicion 
on the water, and 1,000 per c.c or more should probably 
condemn the sample, always supposing, of course, that 
multiplication in vitro has been excluded by the proper storage 
of the sample bottle in ice. As a rule in water of good quality 
liquefying organisms are scanty, while in a polluted water 
they are numerous. 

Number of colonies on the agar plates. — As mentioned before 
(see p. 563), it is the ratio of the number of organisms develop- 
ing on the agar plates to the number of those developing on 
the gelatin plates that is of importance. 

Number of B. coli. — The detection and enumeration of B. coli 
are regarded by all as perhaps the most important part of 
water examination. The number of B . coh is estimated from 
the amounts of water that have been added to the tubes of 
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media, which, however, assumes that the organism is regularly 
distributed throughout the sample, and this must so far as 
possible be ensured by thorough mixing. The results generally 
come out fairly concordantly, though irregularities exception- 
ally occur ; Greenwood and Yule * give some data by which 
approximation may be made if this happen. It is better to 
state the result as C£ B. coh present in, or absent from, . . . 

c c. of water 55 rather than to say that so many B. coli are 
present, though as a matter of fact the latter statement is 
probably approximately correct. 

If nothing is known about the water, the following standards 
may be adopted : 

{a) Waters of first-rate quality. — B. coh absent from 100 c c. 

(b) Water of good quality . — B. coli present in 100 c.c., but 
absent in 50 c.c. of the water. 

(c) Waters of medium quality . — B. coh present in 50 c.c., 
but absent in 25 c.c. 

(d) Waters of 'poor quality. — B. coli present in 50 c c. and 
25 c.c., but absent in 10 c.c. 

(e) Waters of suspicious quality . — B. coli present m 50 c.c., 
25 c.c., and 10 c.c., but absent in 1 c.c. 

(/) Waters unfit for drinking . — B . coli present in 1 c.c. or 
less. 

Waters which show no JB. coli m 50 c.c. are of a high degree of 
purity, and therefore the proved absence of this organism in this 
amount, and still better in larger quantities, is of great value. 

JB. coli should he absent from at least 50 c.e. of spring or deep 
well water, possibly from greater amounts. 

In unfiltered upland surface waters the presence of JB. coli m 
40, 10, or even 5 c.c. means contamination, but not necessarily a 
contamination which it is essential to prevent. It may arise from 
contamination with the excreta of animals grazing on the gather- 
ing areas, and is not necessarily derived from sewage or other 
material containing specific organisms of infection. If JB. coli is 
present in 2 c.c. or 1 c.c., such a water is suspicious, as it is rare 
to find so many JB. coh in a water from the kind of animal con- 
tamination indicated, and further investigation is desirable. 

Unfortunately there is no absolute test by which human- and 
animal-derived B. coli may he distinguished. Some information 
is given by the methyl-red (M.R.) and Yoges-Proskauer (Y.P.) 
reactions, by which the lactose -fermenting gas-producing bacilli 
may he divided into two groups. The M.P. — Y.P. 4- type is rare 


* Journ. of Hygiene, vol. xvi., 1917, p. 36. 
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in human and animal faeces, more common in surface water, milk, 
and sewage, and is the predominant form m soil and gram, while 
the M.R. -f-V'.P. — type predominates m human and animal faeces. 
The former group is, therefore, less objectionable than the latter. * 
The procedure is as follows : f The lactose-fermenter isolated is 
grown for two to three days m the following medium : — 

Glucose . . . . .05 grin. 

Peptone (Witte) . . . 0-5 ,, 

Di -potassium hydrogen phosphate . 0 5 

Distilled water . . . .100 e.c. 

The culture (10 to 15 c c ) is divided into two parts. One half 
is tested for the Voges-Proskauer reaction (p. 311) ; to the other 
half a drop or two of methyl -red solution is added (OT grm. methyl- 
red in 300 c.c. alcohol. Dilute to 500 c.e. with distilled water) - 
If the colour is unaltered, the reaction is positive ; if the methyl - 
red solution changes to greenish yellow, the reaction is negative. 

In surface wells B. coh in large numbers indicates surface or 
other contamination, generally very undesirable, if not actually 
dangerous. 

It must clearly be undei stood that the presence of the B roll 
m water is used as an index of pollution, just as the organic 
ammonia is m a chemical analysis This oigamsm is not neces- 
sarily harmful in itself; it is what it indicates, viz . pollution , 
probably with human exoremental matteis, which may contain 
the organisms of specific disease, e g , typhoid and paratyphoid 
fevers, dysentery, and cholera. As a routine , these organisms are 
never looked for. 

Bacillus welchii Group . — This group of organisms being 
abundantly present m faeces and sewage, its presence m water 
has been suggested as an indication of pollution. The spores, 
however, are very resistant, and might, therefore, gain access 
to the water in ways other than by direct pollution — e.g , in 
dust — and for this reason the Committee did not recommend 
the search for this organism as a routine procedure. On the 
other hand, Thresh J lays a good deal of stress oil it. If spores 
of B. welchii are present but no B. coh , it may indicate old 
pollution or that there is drainage from manured soil. In 
gross pollution both B . coli and spores of B. ivelchu wall he 
present. 

Streptococci . — Streptococci are abundant in faeces and 
sewage, but are extremely rare, if ever present, in unpolluted 

* See Wood, Journ. of Hygiene, vol. xviii , 1919-20, p. 46. 

f Clark and Dubs, Journ of Infectious Diseases, vol. xvu , 1915, p. 160. 

X Public Health, 1904. 
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natural waters ; hence the value of their detection. Strepto- 
cocci as a class are delicate organisms, and it was supposed 
that their presence indicates recent pollution. 515 Horrocks, on 
the other hand, believes that they maintain their vitality 
longer even than B . coli , and this is rather the opinion at 
present. We need further data before we can exactly estimate 
the value of streptococci as indicators of pollution. There 
can be no question, however, that the detection of many 
streptococci, together with B. coli , indicates serious pollution. 

Media Employed for the Detection and Isolation 
of B. coli. 

(1) Carbolised Gelatin. — Ordinary nutrient gelatin with the 
addition of 0*05 per cent, of phenol. (Hardly used now.) 

(2) Bile-salt Beptone Water (MacConkey and Hill). — The com- 
position of this medium is as follows : Sodium taurocholate 0*5 grm , 
glucose or lactose 1*0 grm., peptone 2 0 grm., water 100 c.e. The 
constituents are dissolved by heating ; the mixture is filtered, 
and after filtration sufficient neutral litmus solution is added 
to give a distinct colour. The medium is then distributed into 
Durham's fermentation-tubes and sterilised by steaming for 
twenty minutes on three successive days. The medium may be 
put up in various sized tubes, a measured volume m each — e.g., 
10 c.c., 20 c.c., 25 c.c., etc., according to the quantity of water 
which is to be added. For the larger quantities the medium may 
he made double the above strength. The inoculated tubes are 
incubated at 37°— 40° C. for forty -eight hours. The B. coli reddens 
and ferments both the glucose and lactose media, so that gas 
collects in the fermentation tube. 

(3) Neutral-red Broth (Hunter, Makgill, Savage). — The dye 

known as neutral-red (Grubler’s) is reduced by the action of the 
B. colt, the cherry -red colour changing to a canary yellow, accom- 
panied by a green fluorescence. The B. enterilidts (G-artner) also 
reduces neutral -red, hut the B. typhosus does not do so, nor do 
streptococci, B. pyocyaneus, and Vibrio cholerce. Some anaerobes 
also possess a reducing action. Glucose agar or broth (0*5 per 
cent, of glucose) is employed, and to every 10 c.c. of the medium 
0-1 c.c. of a 0*5 per cent, aqueous solution of neutral-red is added. 
Savage recommends the following procedure : 10 c.c. of the 

water are added to a 10 c.c. tube of neutral-red broth ; also 
to 40 c.c. of the water contained in a bottle or flask a 10 c.c. 
tube of the broth of quadruple strength is added. Both are 
incubated at 37° C-, and examined daily up to eight days. If 


* Houston, Rep. Med. Off. Lac. Gov. Board for 1898—99. 
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reduction occurs, B. coli is almost certainly present in the water ; 
if reduction does not occur its presence is highly improbable. 

(4) Glucose Formate Broth (Pakes). — To ordinary meat infusion 
1 per cent, peptone, 0 5 per cent, sodium chloride, 2 per cent, 
glucose, and 0 4 per cent, sodium formate are added. When 
these have been dissolved by heating, the medium is neutralised 
(indicator, litmus), and after neutralisation 2 c.c. of normal caustic 
soda solution per litre are added ; the broth is then steamed for 
twenty minutes, filtered, and distributed into test-tubes, 10 c.c. 
in each, which are steamed for twenty minutes on each of three 
successive days. These tubes are inoculated with the water, and 
incubated anaerobically at 42° C. for twenty -four to seventy-two 
hours. Tubes showing any growth at the, end of twenty-four, 
forty-eight, or seventy-two hours are removed and examined 
microscopically and by plating. 

(5) Bile-salt Lactose Agar (MacConkey). — This medium is pre- 
pared by adding to 1,000 c.c of tap-water in a flask 20 grm. 
of peptone, 5 grm. of sodium taurocholate, and 15 grm. of agar 
The mixture is autoclaved at 105° to 110° C. for one and a half 
hours, cleared with a small addition of white of egg, and filtered. 
To the filtrate 1 per cent of lactose and a sufficiency of litmus 
solution are added. The medium is then distributed into test- 
tubes, 10 c c. m each, and sterilised by fifteen minutes** steaming 
on three successive days Plates are made and incubated at 
37°— 40° C. for forty-eight hours. 

(6) Conradi-1)) igalshi Agai . Mutiue A . — To 1 litre of acid 
beef broth (p. 51) add : 

Witte’s peptone . . 10 grm. 

Nutrose . . . . . . 10 ,, 

Sodium chloride . . . . 5 

Steam for one hour, and add 25 grm of powdered agar. Steam 
for three hours, bring to a reaction of 4- 10, and filter through 

pa|3ier Chardin.” 

As a substitute for nutrose Mackenzie Wallis recommends : 

Pea -nut flour . - . . . .94 parts 

Casein ....... 5 parts. 

Sodium carbonate . . . .1 part. 

The mixture is used m the same quantity and manner as nntrose. 

Mixture B . — Boil for a few minutes 100 c.c. of Kabel-Tiemann’s 
litmus solution, add 15 grm of pure powdered lactose, and boil 
again for a few minutes. 

Add B to A, and to this mixture add 2 c.c. of a hot 10 per cent, 
solution of anhydrous sodium carbonate and 10 c.c. of a 0T per 
cent, solution of crystal violet. The medium, either in hulk or 
tubed, is then sterilised. 
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(7) Neutral-red Bile-salt Agar. — Rebipelagar, 1 ’ as lie terms it, 
has been used by Houston for tbe isolation of B. coli. It bas the 
following composition : Agar 20 grm., taurocholate of soda 5 grin , 
lactose 10 grm., neutral-red 4 c.c. of a I per cent, solution, peptone 
20 grm., water 1 litre. Tlie S.IJ.S. rebzpelagar has the following 
composition : Agar 20 grm., taurocholate of soda 5 grm , lactose 
2-5 grm , neutral-red 4 c.c. of a 1 per cent, solution, peptone 
20 grm.. saccharose 2-5 grm., dulcitol 2-5 grm., salicm 2-5 grm. 

(8) Fuchsin Agar (Endo). — One litre of 3 per cent, nutrient agar 
is made alkaline with 10 c.c. of 10 per cent. NaOH solution after 
neutralisation. Pure lactose 10 grm. and saturated alcoholic 
fuchsin solution 5 c e. are added, and after mixing, 25 c.c. of 
fresh 10 per cent, solution of sodium sulphite are added. The 
medium when cold should be colourless. The medium is used as 
surface plates, and on it typhoid and paratyphoid colonies are 
colourless, coli colonies are red. 

The Isolation of Specific Organisms from Water. 

The principal disease -producing organisms conveyed by water 
are the B. typhosus , B. paratyphosus, B. dy sentence, and Vibrio 
choleras . 

The Isolation of B. typhosus, B. paratyphosus, and B. dysen- 
teries from Water. — Considerable difficulty is experienced in 
isolating B typhosus from water even when it has been copiously 
contaminated with specifically polluted sewage ; there is, there- 
fore, far greater difficulty when the specific pollution has been small 
in amount. The earlier records of the isolation of B. typhosus from 
water must he accepted with scepticism, as the methods of identi- 
fication were then incomplete and unsatisfactory. It is necessary 
to bear in mind that usually, when drinking-water has suffered 
sewage-pollution, the amount of the pollution is relatively very 
minute when compared with the great bulk of tbe water supply. 
Moreover, allowing ten days as the average incubation period of 
typhoid fever, another week before the disease comes under notice, 
and another week before the fact that an epidemic is in progress 
is recognised, at least a month will have elapsed between the date 
of infection of the water supply (supposing this to have occurred 
on one occasion only, as may he tbe case) and the taking of the 
samples for examination, a period during which most of the 
typhoid bacilli may have died out. The contamination of water 
may, however, he of an intermittent nature ; it is rarely continuous 
for any length of time. 

Xnmerous methods * have been devised for the isolation of the 

* See H. S. Willson, Jcmrn. of Hygiene , vol. v., 1905, p. 429 ; McWeeney, 
Brit. Med. J ourn. P 1909, vol. ii., p. 866. 
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typhoid "bacillus from an infected water. "With rare exceptions, 
it is impossible to detect the organism by direct plating ; it is too 
scanty and too mixed with other organisms to admit of this, and 
therefore concentration of the bacterial content of the water must 
be attempted. The following are some of the methods which have 
been suggested for this purpose ; they serve equally well for B. 

' 'paratyphosws and IB dysenteries. 

(1) “ Fil ter-biushings ” Method. — By passing one to two litres 
of the water through a sterile Pasteur-Chamberland filter, and 
brushing off the deposit on the candle into a little sterile water, the 
whole of the organisms present may theoretically be collected in a 
few cubic centimetres. Practically, however, a large proportion of 
the organisms are lost m the process : they probably get carried 
into and remain m the superficial layers of the filter- candle, and 
for this reason, though sometimes employed, this method ha s 
fallen into disuse. 

(2) Concenti ation. — AY. J. Wilson * devised the following 
method : The water is placed in one or two Winchester quart 
bottles, and 10 c.c. of nutrient broth are added for every litie. The 
bottles are placed in a water-bath maintained at 37°-40 c C.. and are 
connected by rubber corks and tubing with a condensei (at a 
lower level) through which cold water continuously passes, and 
the tube of the condenser is connected to a large bottle (at a stdl 
lower level). This bottle is kej>t partially exhausted by means of a 
filter-pump. The water evaporates and is thus concentrated, the 
evaporated water being condensed and collected m the exhausted 
bottle. It requires twenty-one to twenty-two hours to evaporate 
a litre of water. The water remaining m the bottles, now con- 
centrated to a few cubic centimetres, is then plated on Conradi- 
Trigalski or malachite -green agar. 

(3) Chemical Frecipitatton . — These methods depend on the 
formation m the water of a fine, inert precipitate, which entangles, 
and carries down with it a large proportion of the bacteria present. 
Thus m the Vallet-Schuder f method, to 2 litres of the water are 
added 20 c.c. of a 7-75 per cent, solution of sodium hyposulphite 
and 20 c.c. of a 10 per cent, solution of lead nitrate. The pre- 
cipitate is allowed to settle or is centrifuged off, and is dissolved 
in a small volume of a saturated solution of the hyposulphite, from 
which plates are made m suitable media. Fieker % uses ferrous 
sulphate after making the water faintly alkaline with caustic soda : 
the ferrous hydrate formed carries down the micro-organisms (this 
must he a risky procedure, as the typhoid bacillus is very sensitive 
to caustic alkalies). Iron oxychloride may also he used as the 

* Brit. Med. Journ., 1907, vol. i., p. 1176. 

fi Zeitschr. f. Hyg ,, xln.. No* 2, p. 317. 

% Hyg . Bundschau, xiv.. No. 1, 1904, p. 7. 
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precipitant. H. S. Willson ( loc . cit.) employs alum. A stock 
solution of alum is prepared, containing 10 grm. per 100 c.c., and 
of tills sufficient is added to the water to obtain 0-5 grm. to tlie 
litre. After the precipitate of aluminium hydrate has formed, 
the vessel is well shaken to mix its contents, and the mixture is 
centrifuged for fifteen minutes at 2,000 revolutions per mmute. 
The clear, supernatant fluid is then syphoned or poured carefully 
off from the precipitate, and the mass of precipitate in the conical 
extremity of the tube stirred up with the little fluid (0*5 to 1 c.c.) 
remaining. The suspension is then plated out on Conradi- 
Drigalski, malachite -green or brilliant green, agar. Tbis seems 
to be a very promising method. 

(4) Serum Agglutination . — A typhoid agglutinating serum, if 
added to a medium containing typhoid bacilli, agglutinates the 
bacilli, which aggregate into masses which may be centrifuged 
out. But in any ordinary infected water the typhoid bacilli will 
be too scanty to form masses, so Schepilewsky * adds 10 to 20 c.c. 
of the water to flasks containing 50 c.c. of nutrient broth, which 
are incubated at 37° C. for three to four days to induce multi- 
plication of the typhoid bacilli, and then the typhoid serum is 
added, and after standing for some hours and centrifuging, the 
deposit is plated out. 

(5) JProeess of Cambier . — Cambier f devised a process based on 
the idea that an actively motile organism will find its way through 
the pores of a porcelain filter more quickly than feebly, or non- 
motile forms. His procedure is to make use of a special alkaline 
peptone medium, which is placed in a glass jar. In this is im- 
mersed a Pasteur- Chamberland filter-candle half filled with the 
same solution, to which is added a little of the fluid to be examined 
and the whole is incubated at 37° C. Sooner or later growth 
appears in the fluid outside the candle, and Cambier states that 
if typhoid bacilli be present they will make their appearance before 
JB. colz. In hands other than those of Cambier, however, the 
method has not proved successful. 

(6) Methods of Inhibition . — The principle of these methods is the 
use of a medium which permits the growth of JB. typhosus while 
inhibiting the growth of JB. coli and many saprophytes. In the 
case of water, some means of concentration of the organisms 
must first he employed (such as methods 1, 2 and 3 above), after 
which the concentrated organisms are grown in the inhibiting 
medium. 

Both J found that caffeine in broth would retard JB. coli, but 
allow B. typhosus to multiply. The method was further elaborated 

* Centr. f. Balct., Orig xxiii.. No. 5, 1903. 

t Rev. dJHyg. t 1902, p. 64. 

% Hyg. Rundschau, xiii., 1903, p. 489. 



ISOLATION OF ORGANISMS 575 

Dy Hoffmann and Picker, * who converted tlie water itself into a 
nutrient medium by tlie addition of 1 per cent, nutrose, 0-5 per 
cent, caffeine, and 0-001 per cent, of crystal violet. The mixture 
is incubated at 37° C. for not more than twelve to thirteen hours, 
at the end of which time the typhoid bacilli should have multiplied 
to such an extent as to permit of direct isolation by plating, the 
B. coh being inhibited. While caffeine may m ateria by help, it 
cannot be entirely relied on to eliminate JB. coh and allied forms. 

Loftier found that 'malachite green (Xo. 120 Hoeehst) in the 
proportion of about 1 in 5,000 in media inhibits the growth of 
B. coli while still permitting the growth of B . typhosus. The dye 
may be added either to liquid or to solid media. The medium 
recommended by Loffier y is composed of 3 per cent, agar made 
with meat infusion, with 1 per cent, nutrose, and containing in 
every 100 c c 2—2-5 c.c. of a 1 per cent, solution of malachite green 
On this medium the B. typhosus grows m twenty-four hours as 
delicate, slightly crinkled colonies, surrounded by a colourless 
zone. Thus it is possible to detect one colony of B. tyj)hosus 
among 300 to 600 colonies ‘of other bacteria. As a medium for 
44 enriching ” — he., for specially advancing the growth of the 
B. typhosus — Loffier recommended a 15 per cent, gelatin, prepared 
with beef -juice and peptone, and containing per 100 c.c., 3 c.c of 
doubly normal phosphoric acid, and 2 c t*. of 2 per cent malachite - 
green solution. With the suspected matter, firstly, one series ot 
malachite -gelatin plates is prepared and incubated at 25° C tor 
twenty to twenty-four hours , secondly, a tube of malachite 
gelatin is inoculated and incubated at 37° C. for twelve to twenty - 
four hours ; from this a second tube is inoculated and incubated 
at 37° C., and then plated out on malachite gelatin and incubated 
at 25° C. The colonies of B. typhosus are well marked after twenty 
to twenty -four hours, as large as a pin’s head, transparent, highly 
retractile, light grey and granular. Their shape is circular or oval, 
and they show characteristic offshoots resembling a bone- corpuscle 
or the body of an acarus. By using this 15 per cent, gelatin, 
which can be incubated at 25° C., theie is the double advantage 
of speedy growth and formation of very characteristic colonies. 
Browning, Gal m our and Mackie’s method might also be employed 
(p. 333). 

Houston recommends S.D.S. rebipelagar (p. 572) with the 

addition of malachite green to the extent of 1 in 5,000 (0-2 grm. 
to the litre). On this medium B. typhosus forms colourless 
colonies ; most other bacteria do not grow, or appear as blue- 
black colonies. 


* Hyg. Rundschau , xiv., 1904, p. 1. 
■f j Deutsch. med. Woch 1906, Xo. 8. 
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Werbitzki used china green agar ; for tlxis 3 per cent, nutrient 
agar (reaction -j- 13) is used, and to every 100 c.c. of tlie agar 
1 4—1-5 c.c*. of a 0*2 per cent, aqueous solution of china green 
(C4 rubier s) are added. 

Oouradi devised an agar containing b> ilhant green and pietic 
acid , and this has been modified by Fawcus * as follows : To 
900 c.c. of tap-water are added sodium tauroeholate, 5 grin ; 
Xiowdered agar, 30 grm. ; peptone, 20 grin. ; and sodium chloride, 
5 grm. Dissolve the constituents by steaming for three hours, 
filter through wool, and bring to a reaction of -f- 15 (by means of 
lactic acid or XaOH, as the case may be). In 100 c.c. of distilled 
water dissolve 10 grm. lactose and add this to the former, filter, 
distribute in flasks (100 c.c. m each), and sterilise. At time of 
using, melt, and add to each 100 c.c., 2 c c. of a 1—1,000 aqueous 
solution of brilliant green and 2 c.c. of a 1—100 aqueous picric acid 
(extra-pure, C4rubler’s). B. typhosus forms round, transparent 
refraetile colonies of a pale green colour by transmitted light, B. 
coh dark green colonies with an opaque spot at the centre 

Houston found malachite -green agar a better medium for the 
isolation of the typhoid bacillus than a liquid brilliant green fluid 
medium (see p. 441). 

Conclusion. — The author would suggest for the isolation of 
B. typhosus from water * (1) Concentration of the organism 

by precipitation with alum (Willson’s method) or iron oxy- 
chloride, followed by plating of the precipitate on Conradi- 
Drigalski agar, or, better, on malachite-green agar (Loffler’s 
or Houston’s), or brilliant green agar ; (2) enrichment by 

Loffler’s or by Browning, Gilmour and Mackie’s method and 
subsequent plating. In all cases the organism isolated must 
be examined as to its morphological, cultural, and biological 
characters, and should have its agglutination reaction tested 
with a high-grade typhoid serum. Two organisms which are 
likely to be mistaken for the B. typhosus , unless all tests are 
applied to them, axe the B . ( fcecahs ) alJcaligenes (p. 330) and 
B . ( aquatihs ) sulcatus . Both occur in the dejecta and in 
polluted water, and axe like the B. typhosus in morphology, 
hut neither agglutinates with typhoid serum. The B. sulcatus 
hardly grows at 37° C. and is almost a strict aerobe. Some 
varieties of typical and of atypical B . coli tend to agglutinate 
with typhoid serum, so the agglutination reaction must be 
carried out quantitatively. 

The Isolation of the Cholera Vibrio from Water. — In the 

examination of suspected water supplies, the best method to 

* Journ. Roy. Army Med. Corps, February, 1909, p. 147. 
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employ for tlie detection of tlie cholera vibrio is to take advantage 
of the fact, first noted by Dunham, that the cholera vibrio multi- 
plies with great rapidity m alkaline saline peptone solution. The 
suspected w-ater is examined as follows : 90 c.c. of the water are 
introduced into each of six Erlenmeyer flasks, and 10 c.c. of a 
sterile, slightly alkaline solution containing 10 per cent, of pep- 
tone and of sodium chloride are added to each flask, thus con- 
verting each mixture into 1 per cent, peptone and salt. The 
flasks should be of such a size that the fluid is not more than one 
inch deep. The flasks are loosely capped with caps of filter-paper, 
and incubated at 37° C. The subsequent procedure is the same 
as that described in No. 2, p. 412. 

Sterilisation of Water. — This may be done on the small scale 
by heat, by the use of germicidal agents, or by filtration through 
a filter (see p. 578). Heat may be applied by simple boiling, 
or by the use of apparatus in which the water is heated to 65°- 
90° C., and the outgoing hot water is cooled by the ingoing cold 
water, w r hich itself is thus warmed, thereby eftecting economy 
in fuel (Griffiths’ aud other sterilisers). The chemical germicides 
that have been employed are (1) sodium bisulphate, 15 grams to 
the pint ; (2) potassium permanganate, sufficient to tinge the 

water deeply for at least half an hour ; (3) iodine ; three tablets 
are used containing (a) iodide and lodate of potassium, ( b ) citric 
or tartaric acid. These two are dissolved in the proper amount of 
water and iodine is liberated. After half an hour a tablet (e) of 
sodium sulphite is added to destroy excess of iodine ; (4) chlorine. 
This has already been dealt with (p. 558) ; (5) copper and copper 
sulphate. Sufficient metal is dissolved from bright copper m 
twenty-four hours to destroy typhoid and cholera organisms. 
Copper sulphate 1 in 100,000 or less is similarly germicidal, and 
m still smaller quantities (1 in 1,000,000) destroys algae, and has 
been used for the purification of reservoirs overgrown with algae. 

Ozone produced by high-tension electric discharge is also 
employed on the large scale for the sterilisation of water-supplies, 
e.g., at Chartres. 

Ice and Ice-creams may be examined by methods similar to 
those used for water, the material being first melted at a Iotv 
temperature. Some of the fluid should also be centrifuged and 
the deposit examined microscopically for gross contamination. 

Examination of Shell-fish. — Shell-fish may come from sewage - 
polluted layings (see p. 318). The following method may be 
employed for their examination (after Houston) : 

The outsides of the shells are cleansed by thorough scrubbing 
and rinsing in tap-water, and a final rinse in sterile water. The 
fish after cleansing are laid on a sterile towel. The operator 
then cleanses his hands and opens the shells aseptically with a 

M B. 37 
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sterile oyster-knife, care being taken to avoid loss of their con- 
tained liquor. The liquor as each fish is opened is poured into a 
sterile litre cylinder, and the fish is cut up with sterile scissors 
and added to the liquor in the cylinder. Ten fish should he 
treated, the volume of fish -j- liquor noted, and sterile water is 
then added to make up to 1 litre ; 100 c.c. liquid therefore corre- 
sponds to one fish. In addition, four dilutions of the liquid 
are prepared — 1 m 10, 1 in 100, 1 in 1,000, and 1 m 10,000. With 
the liquid and dilutions gelatin and agar plate cultivations are 
prepared for the enumeration of the organisms present. Cul- 
tures are also made m litmus lactose bile-salt peptone water and 
in milk for the enumeration and isolation of B. coli and B. welclm 
respectively, taking 100 c.c., 10 c.c., and 1 c.c. of the liquid, 
and 1 c.c. of each of the four dilutions ; in this way the contents 
of the fish, ranging from one fish to xxnr&vtny °f a fish* are examined. 
The process and principles involved correspond to those described 
for water. Houston has suggested for oysters as a lenient stan- 
dard less than 1,000, and as a stringent standard less than 100, B. 
coli per oyster. Even ten B. coli per fish should he viewed with 
suspicion, for Hewlett and others have shown that oysters from 
pure layings contain no B. coli . 

Smaller shell-fish, such as mussels and cockles, may he similarly 
examined, hut the ten fish are infused m 100 c.c. of sterile water. 

Watercress, etc ., may he examined m a similar manner, 100 grm. 
being weighed out and transferred bit by bit with sterilised 
forceps and scissors to a flask containing 900 c c. of sterile water 
The flask is shaken vigorously, and the washings examined m a 
manner similar to that employed for shell-fish. 

Filters. — Reference has already been made to tbe removal 
of organisms in water by sand filtration. With, regard to 
filters for domestic use, few of those in the market are capable 
of doing more than removing particles of suspended matter, 
while they allow from 5 to 50 per cent., or even more, of the 
bacteria present in the water to be filtered to pass through. 
Such filters are, of course, useless for the prevention of disease — 
in fact, rather favour it, by engendering a false sense of 
security ; and when in use for some time without cleaning, 
the water after filtration may be worse, bacteriologically and 
chemically, than before filtration. The only efficient filters are 
those composed of unglazed porcelain or some such material, 
e.g., the Pasteur- Chamb erland , Doulton and Berkefeld. 

The Berkefeld, while more rapid in action than the other 
two, after being in use for a few days may allow some orga- 
nisms to appear in the filtrate. This, perhaps, is due to a 
growth of organisms through the pores of the filter-candle 
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rather than to a direct passage. Lunt * found that while the 
ordinary water bacteria, such as the B . flourescens liquefaciens, 
appeared in the filtrate from a Berkef eld filter within a few days 
of the infection of the sample, the typhoid bacillus and the 
comma bacillus similarly introduced had not passed through 
the filter four or five weeks after infection. 

Horroeks,f however, found that when sterile water is 
inoculated with typhoid bacilli and run daily through a 
Berkefeld filter, the bacilli appear in the filtrate in one or two 
weeks, whereas this is not the case with the Pasteur-Chamber- 
land. The author has made some similar experiments, which 
partially, but not entirely, support Horrocksh conclusions. 
Much evidently depends upon the chemical composition of the 
water. 

All porcelain filters should be cleaned weekly by well scrub- 
bing with a nail-brush and boiling in w r ater containing some 
sodium carbonate. 

The Bacteriological Examination ob Water-Filters. 

In order to ascertain wliether organisms pass through a filter, 
it should be sterilised m the steam steriliser, and .sterile water 
infected with organisms of known species ( B . piodig tonus* B. 
violaceus , and 31. agilis are very suitable) should be passed through 
it for twenty-four hours. This water and the filter should during 
this period of the examination be maintained, it conveniently 
possible, at a temperature below 3° C This will almost invariably 
prevent any growth or multiplication of the organisms Samples 
should be taken immediately after the filtration has begun, and 
at intervals during the day, and again at the end of twenty -±oui 
hours. If they are all sterile, the filter is capable ol preventing 
organisms from being directly washed through. In the case of 
filters of very great density or depth of filtering medium, it may 
be necessary to prolong the period of examination beyond the 
first day ; but most ordinary filters which permit organisms to be 
washed through do so within the first few hours. 

Protozoa and Algje in Water. 

The exammation of water for the minute forms of life other 
than -bacteria, and their enumeration, can be carried out by the 
Sedgwick- Baf ter method . % A 6-in. glass funnel is plugged at 
the bottom of the stem with a perforated rubber cork, over 

* Trans . Brit. Inst, of JPrev . Med., vol. i., 1S97. 

1 Brit. Med. Journ., 1901, vol. i., p. 1471. 

% Calkin, Twenty-third Ann . JRep. State Board of Health , Massachusetts, 
1891. 
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the upper end of which a disc of fine silk bolting cloth, cut by a 
wad-cutter, is laid. Sharp, clean, dry quartz sand is then poured 
into the stem of the funnel to the depth of half an inch above the 
Xilug. The sand should be of such a size that the grains will 
pass through a sieve of sixty meshes to the inch, but not through 
one of 120 meshes The sand is washed into place and well 
moistened with a little distilled water free from organisms. 

The water to be examined is thoroughly shaken, and 500 c.c. 
are poured into the funnel ; it runs through the sand, which 
detains any organisms it may contain. After the water has all 
passed through, the rubber plug is carefully removed and the sand 
washed down into a test-tube with 5 c c. of distilled water. The 
contents of the test-tube are agitated and the tube is allowed to 
rest until the sand has deposited. Immediately this is the case 
the supernatant fluid is decanted into a second test-tube, carrying 
with it the organisms. One cubic centimetre of this is withdrawn 
by a pipette from midway between the top and bottom and 
transferred to the counting plate. This consists of an ordinary 
glass slide on which a rectangular brass cell (20 - 50 mm.) is 
cemented, so enclosing exactly 1,000 square mm. The brass 
cell is 1 mm. thick, so that the cell contains exactly 1 c.c. The 
preparation is covered with a cover-glass and examined with a 
low power.* 


The Bacteriology of Air 

Just as in water, the bacteria in the air vary considerably 
at different times and seasons, under different conditions, and 
in various localities. The species met with are mostly 
saprophytes, consisting largely of sporing and chxomogemc 
forms. A number of moulds occur (as spores), and are often 
in excess, together with yeasts and torulse. 

It is not easy for micro-organisms to become diffused 
through the atmosphere , they are incapable of a voluntary 
rising, and cannot be torn from a fluid or moist solid medium 
by a strong current of air. The medium on which they are 
growing must dry up completely and crumble into fine dust 
before they can be distributed through the agency of air- 
currents (hut see p. 320). Dust-laden air is, therefore, much 
richer in organisms than dust-free air, and B. coU , which is 
killed by drying, is rarely met with. 

The number of organisms in the air varies with the season, 
with rain, with altitude, with movement, etc. At Montsouris, 
Micjuel found in 1 cubic metre of air 49 organisms in winter, 

* On the microscopy of water, see Whipple, Microscopy of Drinking Water* 
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85 in spring, 105 in summer, and 142 in autumn. After 
heavy rain the air is largely freed from organisms. Frankland 
found at Norwich Cathedral at an altitude of 300 feet 7 
organisms in two gallons, while on the ground 18 were found ; 
at the Golden Gallery at St. Paul’s two gallons of air contained 
11 organisms ; in St Paul’s churchyard the number was 70. 
On high mountains organisms are nearly absent from the air. 
and the same is the case at sea at a distance from land exceed- 
ing about 100 miles. Organisms are much fewer in the air of 
the country than m that of towns. At the entrance-hall. 
Natural History Museum, South Kensington, Frankland 
found in the morning 30 organisms : m the afternoon, when 
many visitors were present, the number had risen to 292, 
showing the influence of movement and dust. By keeping a 
volume of air absolutely still, enclosed in a box the walls of 
which were smeared with glycerin, Tyndall was able to free it 
completely from particles and organisms. The author found 
from 43 to 150 organisms per 10 litres of air in some of the 
principal streets of London during the daytime. Graham 
Forbes * found an average of 22 organisms growing on agar 
at 37° C and 63 organisms growing on gelatin at 20° C., or 
85 organisms in all, per 10 litres of air. The proportion of 
moulds to bacteria was 1 to 7*5. 

Gordon, f by exposing dishes of neutral-red broth to the 
air, or by aspirating air through neutral-red broth, was able 
to detect the presence of the S. sail rar ins , M epidennidis , 
and scurf micrococcus in air subjected to human contamina- 
tion. By these tests and by the use of B . prodigiosus as an 
indicator he concludes that particles of saliva are disseminated 
as far as 40 feet in the act of loud speaking, indicating the 
possibility of the wide distribution of such pathogenic organ- 
isms as the tubercle, plague, and influenza bacilli and the 
pneumococcus by speaking, and still more so by coughing. 
Even droplets do not usually travel far, and within half an 
hour settle down. % Graham Forbes { loc . cit.) did not detect 
pathogenic organisms, with the exception of Aspergilh , in the 
air of the London Tube Railways. 

The number of dust particles in the air may be enormous. 
In London Macfadyen and Lunt observed as extremes from 
20,000 to nearly 600,000 per c.c. The ratio of micro-organisms 
to dust particles is therefore a very small one. 

* Joum. of Hygiene , vol. xxn., 1924, p. 123. 

Heps. Med . Off. Loc. Gov. Board for 1902—1904. 

J Dudley, Lancet , 1924, vol. L, p. 1141. 
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Bacteriological Examination of Air. 

A number of methods have been devised for the estimation of 
the number of micro-organisms in the air, of which the following 
are the principal ones : 

(1) Plate method . — Melted sterile nutrient gelatin is poured into 
a sterilised Petri dish, and allowed to set. The plate is then 
exposed to the air, by removing the lid, for a given time — one, five, 
ten, or fifteen minutes, etc. — the lid is replaced, and the plate 
incubated at 22° C. for some days. The number of colonies of 
moulds, bacteria, yeasts, etc., is counted, and, having estimated 
the area of the gelatin plate, * the result is expressed as the number 
of organisms falling per square foot per minute. The results 
obtained by this method are roughly comparative, but no estimate 
can be formed of the number of organisms contained in a given 
volume of the air The following methods are quantitative ones. 

(2) Hesse's Method . — The apparatus consists of a glass tube 
30 in. long by H to 2 in m diameter. One end of this tube is 
plugged with a rubber cork through which a glass tube plugged 
with cotton-wool passes, the other end is covered with a piece of 
sheet rubber perforated with a hole J to J m. m diameter ; over 
this is jfiaeed a removable cap of rubber, unperforated The whole is 
sterilised, and just before use 40 to 50 c.c. of melted sterile nutrient 
gelatin are poured into the tube, and its walls coated with the 
medium. The tube is then strapped horizontally on to a tripod 
stand, the cap removed, and the small tube connected by a piece 
of rubber tubing to an aspirator consisting of two flasks arranged 
so as to form a reversible syphon. Having, say, a litre of water 
in one flask, 5, 10, 15, or 20 litres of air may he aspirated through 
the tube. The rate of flow is controlled by a screw-clamp on the 
rubber eonnecting-tube ; it should not exceed half a litre per 
minute. With this rate of flow all the organisms are deposited 
on the gelatin -coated tube. The aspiration being completed the 
rubber tube is disconnected, and the rubber cap replaced over 
the end of the tube, which is then incubated, and the colonies are 
counted when they have developed. 

(3) Petri's Method . — Petri aspirates the air through a glass tube 
containing sterilised sand, kept in place by fine wire-gauze wads. 
When the sample has been taken the sand is distributed m Petri 
dishes, and melted sterile gelatin is poured over it and allowed to 
solidify, plate cultures being thus prepared. 

(4) Franldand's Method . — The air to be examined is aspirated 
through a tube 5 in. in length and ^ in. in diameter (Pig. 60). 
One end of the tube is open, the other (c) is plugged with cotton - 

* The*area of a circular dish is calculated by multiplying the square of the 
diameter _by 0-785. 
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wool. At a distance of 1 in. from the open end the tube is slightly 
constricted to support a plug of glass wool (a). At a distance 
of 2} in. from this plug the tube is again constricted to support 
a second plug (5), consisting of glass-wool and finely powdered 
cane-sugar, supported in front and behind by plugs of glass-wool. 



- z> 

Fig. 60. — Frankland’s tube for air analysis. 


Several such tubes having been prepared, they are placed m a tin 
box and sterilised at 130° C. for three hours, and can then be 
easily transported without risk of contamination. For use, a 
tube is clamped horizontally to a retort stand, and the open end 
(a) is connected by rubber tubing with an aspirating ax>paratus, 
such as is used in Hesse’s method (No 2, 
above). The plug of wool (e) is then with- 
drawn and the desired volume of air aspirated 
through, after which the wool plug (c) is re- 
placed, the rubber tubing disconnected, and 
the tube is placed m another sterile tin box. 

As many tubes as desired can be employed 
to control one another or to examine the air 
m different localities and under different con- 
ditions. All the samples having been taken, 
the tubes are manipulated on returning to 
the laboratory. A file-mark is made across 
the centre of each tube, which is then broken 
m half, and the plug of glass-wool and 
sugar ( b ) is shaken, or pushed by means of 
sterile wire, into a sterile flask of about 
250 c c. capacity. Into this 10 or 15 c.c. ot 
liquefied sterile nutrient gelatin are then 
introduced ; the sugar dissolves, the glass- 
wool becomes disintegrated, and a roll- 
culture is made on the walls of the flask, 
which is incubated at 22° C., and the colonies 
are counted when they have developed 

(5) Sedgwiclc and Tuckefs ^Method . — One 
of the best and most convenient methods for 

the bacteriological examination of air. A 

glass tube of special form is employed (Fig. ^nd Tueker'f tube 

61) ; this consists of an expanded portion (a) for air analysis, 

abont 15 cm. long and 4*5 cm. m diameter ; 

one end of this is contracted so as to form a neck 2*5 cm. in 
diameter and m length ; to the other end is fused a glass tube 
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Bacteriological Examination of Air. 

A number of methods have been devised for the estimation of 
the number of micro-organisms in the air, of which the following 
are the principal ones : 

(1) Plate method. — Melted sterile nutrient gelatin is poured into 
a sterilised Petri dish, and allowed to set. The plate is then 
exposed to the air, by removing the lid, for a given time — one, five, 
ten, or fifteen minutes, etc. — the lid is replaced, and the plate 
incubated at 22° C. for some days. The number of colonies of 
moulds, bacteria, yeasts, etc., is counted, and, having estimated 
the area of the gelatin plate,* the result is expressed as the number 
of organisms falling per square foot per minute. The results 
obtained by this method are roughly comparative, but no estimate 
can be formed of the number of organisms contained in a given 
volume of the air The following methods are quantitative ones. 

(2) Hesse's Method . — The apparatus consists of a glass tube 
30 in. long by 11 to 2 in m diameter. One end of this tube is 
plugged with a rubber cork through which a glass tube plugged 
with cotton-wool passes, the other end is covered with a piece of 
sheet rubber perforated with a hole J to , J m. m diameter ; over 
this is placed a removable cap of rubber, unperforated The whole is 
sterilised, and just before use 40 to 50 c.c. of melted sterile nutrient 
gelatin are poured into the tube, and its walls coated with the 
medium. The tube is then strapped horizontally on to a tripod 
stand, the cap removed, and the small tube connected by a piece 
of rubber tubing to an aspirator consisting of two flasks arranged 
so as to form a reversible syphon. Having, say, a litre of water 
in one flask, 5, 10, 15, or 20 litres of air may be aspirated through 
the tube. The rate of flow is controlled by a screw-clamp on the 
rubber connecting-tube ; it should not exceed half a litre per 
minute. With this rate of flow all the organisms are deposited 
on the gelatin -coated tube. The aspiration being completed the 
rubber tube is disconnected, and the rubber cap replaced over 
the end of the tube, which is then incubated, and the colonies are 
counted when they have developed. 

(3) Petri's Method. — Petri aspirates the air through a glass tube 
containing sterilised sand, kept in place by fine wire-gauze wads. 
When the sample has heen taken the sand is distributed m Petri 
dishes, and melted sterile gelatin is poured over it and allowed to 
solidify, plate cultures being thus prepared. 

(4) PranTdand's Method . — The air to he examined is aspirated 
through a tube 5 in. in length and £ in. in diameter (Pig. 60). 
One end of the tube is open, the other (c) is plugged with cotton - 


* The^area of a circular dish is calculated by multiplying the square of the 
diameterby 0-785. 
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streptococci are practically absent, but that in soils polluted with 
animal excrement by manuring or otherwise the spores of B. 
welchii are present in great abundance, also E. coli and strepto- 
cocci if the pollution be of i ecent date. 

The length of time pathogenic bacteria retain their vitality in 
buried corpses has been the subject of experiment by Losener,* 
who injected cultures into the bodies of pigs, which were then 
wrapped m linen, placed m wooden coffins, and bmied. The 
conclusions he arrived at were that, provided the soil has good 
filtering properties, there is practically no chance of the dis- 
semination of a virus. 

Klein, f experimenting with the bacilli of diphtheria, cholera, 
plague, typhoid fever, etc., also found that the vitality and 
infective power of these organisms passed away in a comparatively 
short time, in most cases within a month. 

Examination of Boil. 

The bacteria m the soil may be examined by adding traces of 
the soil to sterile nutrient broth, thoroughly crushing and soaking 
it, and then making plate or loll cultures, aerobic and anaerobic. 

To make anything like an accurate quantitative examination is 
almost impossible. Weighed amounts of the soil, attei thorough 
pulverisation in an agate motor, may he introduced into sterile 
test-tubes and thoroughly exhausted by repeated washing with 
sterile water or broth, xdate cultivations being made with the 
washings. 

Various forms of boring apparatus have been devised fur 
withdrawing soil from different depths. 

Sewage J. 

Sewage is exceptionally rich m organisms, but the numbeis 
present are variable. Jordan in Massachusetts found an average 
of 708,000 per cubic centimetre. Laws and Andrewes found from 
905,000 to 1 1,216,000, the latter being the highest number obtained. 
The number of organisms naturally varies at different seasons 
and with the amount of dilution. The organisms present are 
very varied, but moulds, yeasts, and sarcinae only occasionally 
occur. A few micrococci are met with and streptococci are 
present in considerable numbers, at least 1,000 per cubic centi- 


* Centr. f. Baht. (l te Abt.), xx., 1896, p. 454. 
t Rep. Med . Off. Log . Gov. Board for 1898-99, p. 344. 

if; See various Reports to the London County Council by Clowes, Houston, 
Laws and Andrewes ; Klein, Houston, Reps . Med. Off. Log. Gov . Board for 
1897—1904 ; Rep. of the Sewage Commission . 
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metre, but bacilli, especially liquefying forms, largely predominate. 
The commonest species are the B fluorescens liquefaciens and 
varieties, several varieties of Broteus , the B. ftlamentosus , varieties 
of the B. mesentericus , B. onycoides, B. subtilis , B. cloacce , and the 
colon bacillus. The latter numbers from 20,000 to 2,000.000 per 
cubic centimetre, and the other bacilli mentioned number 200,000 
to 2,500,000 per cubic centimetre. Many anaerobic spormg 
bacilli are also found, especially the B . welchii , the spores of 
which number from 30 to 2,000 per cubic centimetre, averaging 
500-600. Foreign bacteria introduced into sewage are probably 
soon supx>ressed by the predominant species of the sewage 

The air of well-ventilated sewers differs hut little from that of 
the external air, and the organisms m it contrast with those of 
sewage by the abundance of moulds. Specific organisms may, 
however, gam access to it (p. 320). 

The powerful liquefying and solvent actions of the bacteria 
present in sewage have suggested a means of dealing with sewage 
so as to make use of these properties, and many bacterial systems 
of sewage disposal have been devised. The principle most widely 
adopted is to run the sewage into large covered reservoirs (septic 
tanks), where it remains at rest for twenty-four to forty-eight 
hours. Here it is under practically anaerobic conditions, and 
anaerobic* bacteria exert their action on the solids, partly dis- 
solving them, partly disintegrating them, with the formation of a 
sludge which has to be cleared out from time to time. From the 
septic tanks the sewage passes on to beds composed of broken 
brick, coke, or some similar material, through which it slowly 
percolates, and here it is subjected to the action of aerobic orga- 
nisms, which complete the decomposition to such an extent that 
the effluent does not affect fish life nor putrefy, so that it may be 
run into a stream without causing a nuisance. Four sets of 
these aerobic bacterial beds are usually provided, each set being 
worked m turn for six hours and resting for eighteen hours during 
the twenty-four hours. The effluent from such bacterial beds 
may contain as many bacteria as, or more than, the sewage itself. 
Pathogenic organisms may be present in it, for Houston found 
that the B. pyocyaneus added to the beds soon appeared m the 
effluent. 

On the survival of the typhoid and cholera organisms in sewage 
see pp. 320 and 406 respectively. 

A process (the Baroda) has also been introduced for the di-- 
po^al of dustbin refuse by bacterial action. The refuse is placed 
in closed containers or cells, in which it heats and ferments. It is 
turned occasionally and in time the organic matter is converted 
into a sweet powder which possesses considerable manurial value 
and is disposed of on the land. 
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Examination op Sewage and Sewage Effluents. 

To ensure a fair average sample, the sewage or effluent should 
he collected m small portions at intervals. The portions are 
mixed, strained through muslin, and dilutions of 1 in 10, 1 m 100, 
1 m 1,000 and 1 in 10,000 made with sterile tap-water. These 
are then examined according to the following scheme . — 


Examination of Sewage and Effluents. 


Tests 

Pio< edme 

Amount of sewage m r.t 

1 Total number of 
bacteria 

. 

Gelatin and agar plate 
cultivations 

0 001,0 0001,0*00001 

2. Number of spores 
of aerobes 

Gelatin plate cultures 
with material pre viously 
heated to 80° 0 for ten 
minutes 

1 O, 0*1, 0 01 

3 Number of spores 
of anaerobes 

Agar plate cultures with 
material previously 
heated to 80° C for ten 
minutes and incubated 
anaerobieallv 

i o, 0 * 1 , o oi 

4 Number of organ- 
isms liquefying 
gelatin 

Bui face gelatin plates 

0 OO 1 . 0 OO01, 0 00001 

i 

5 Spores of B. a el- 
< hib 

Milk cultures heated to 
80° O for ten minutes 
and incubated anaerobi- 
cally 

o 1, o oi, o on i 1 

(5. Number of B colt 

Surface-platen of Oonradi- 
Hrigalski, or bile-salt 
media, etc , as described 
for water (p 565) 

0 001, 0 OOO 1, 0 OOOOl 

7. Number of strej}- 
tococci 

Surface- plates of Com ad i- 
Drigalski medium 

0 01, (> OOl, O 0001 


Effli t ents only 


8 Incubate some of the effluent m beakers at 22° 0 and 37° C for some 

days A good effluent should yield little or no unpleasant odour (an 
unpleasant odour indicates the presence of decomposable organic 
matter, and such an effluent might give rise to a nuisance) 

9 Place a gold-fish or two m a bowl of the effluent. The tish will live in. 

and be unaffected by, a satisfactory effluent. (This may he done only 
by a licensee under the Vivisection Act ) 

Milk.* 

Milk is an admirable nutrient soil for the development and 
multiplication of micro-organisms, and, though sterile in the 

* See Houston, Bep. to the London County Council , No. 933, 1905 ; 
MacConkey, Journ. of Hygiene , vol. v., 1905, p. 333 , Hewlett and Barton, 
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udder,* may contain an appalling number of bacteria as 
delivered to the consumer. In milk as ordinarily supplied there 
are from one to five million bacteria per cubic centimetre, and it 
frequently contains ten to fifteen millions, with an average of 
about three to four millions. Hewlett and Barton found an 
average bacterial content of about 1,500,000 in London milk 
as delivered at the railway termim (the range was from a mini- 
mum of 20,000 to a maximum of 8,390,000), but this does not 
represent the condition of the milk as delivered to the consumer , 
for the bacteria already present rapidly multiply in warm 
weather. Eyre *]* in the middle of summer found the following 
rate of multiplication : — 

Microbes per c.c. 

Initial content .... 56,000 

After 12 hours . . . 526,000 

After 24 hours . . . ' 20,366,000 

After 30 hours .... clotted 

A similar specimen in mid-winter gave the following results * — 

Microbes per c c 

Initial content .... 20,000 

After 12 hours .... 24,000 

After 24 hours .... 43,000 

After 30 hours .... 280,000 

In New York, Park estimated the average bacterial content 
of milk as supplied to the consumer at 1,000,000 per cubic 
centimetre in winter and 5,000,000 per cubic centimetre during 
the hot months. Eyre (loe. cit.) states that, as the result of his 
observations, the numbers are in London about 3,000,000 to 
5,000,000 in December, January, and February, and 20,000,000 
to 30,000,000 in June to September, smaller numbers than 
these always being associated with the presence of boric acid 
or formaldehyde. Even in so-called sterilised milks bacteria 
are rarely completely absent. 

Cream is even richer in bacteria than milk, and averages 
about 8,000,000, and may contain as many as 30,000,000, 
organisms per cubic centimetre. Although all the ordinary 
species may be met with, milk has a bacterial flora largely its 
own, comprising many forms producing lactic and butyric 

ibid vol, vii., 1907, p. 22 ; Savage, Rep. Med. Off. Loe. Gov. Board for 1909— 
10, p. 474 ; and Milk and the Public Health (Macmillan. 1912) ; Lane -Claypon, 
Milk and its Hijqienic Relations (Longmans, Green & Co., 1916). 

* The £S fore * s milk may contain organisms which have lodged in the 
milk-ducts, and it is extremely difficult to obtain completely sterile milk. 

t Journal of State Medicine, vol. xii., 1904, p. 728. 
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acid fermentations. Organisms also occur having more or 
less specific effects, and giving rise to bitter milk, viscid milk, 
etc. The lactic ferments are mostly non-sporing, the butyric 
chieffy sporing, species. The commonest of the lactic ferments 
are Streptococcus lacticus (belonging to the S. viridans group, 
see p. 213), and B. acidi lactici 9 which has some similarity to 
the colon bacillus (see table, p. 348). Another common lactic 
organism is the Oidtum lactis , a mycelial form, the colonies of 
which appear as little fluffy tufts " In addition to the orga- 
nisms named, pathogenic species may be met with — viz., the 
tubercle, diphtheria, typhoid, paratyphoid, Gartner, and 
dysentery bacilli, and cholera vibrio, the M. mehtensis (goats' 
milk), M. jpyogenes , and the Streptococcus pyogenes . The 
B. coh and B . ivelchu are generally present in milk, and the 
B. lactis aerogenes is sometimes found (p. 347). Scarlatina (see 
C£ Scarlatina ") and foot-and-mouth disease may likewise be 
conveyed by milk, and the diarrhcea of infants is largely due 
to the use of milk swarming with microbes, some of which in 
themselves may be harmful, and which also by the products 
they form tend to set up gastro- enteritis The percentage of 
samples infected with tubercle bacilli varies much . Barton 
and Hewlett found only one out of twenty-six samples taken 
at London railway termini. The supply of the large dairy 
firms is also comparatively free from tuberculous infection, 
as considerable precautions are taken to exclude tuberculous 
animals. Owing to the special precautions now taken, the 
number of tuberculous samples of milk is probably declining. 
Of samples examined for the London County Council between 
1907 and 3 914 from 8 to 14 per cent were tuberculous. In 
1924, of 2,400 samples consigned to London railway termini 
and examined, 121, or 5-04 per cent., yielded tubercle bacilli. 
Of 11,035 cows inspected, 59 appeared to be tuberculous, 
(see also p. 293). A poisonous body, tyrotoxicon (p. 31), has 
been isolated from milk and milk products. Sources of con- 
tamination and infection are derived from the insanitary con- 
ditions of many farms and dairies and the dirty methods of 
those handling the milk. 

In order to reduce the number of organisms present in milk, 
and so improve its keeping qualities, as well as to render it 
more wholesome for infant feeding, and to destroy pathogenic 
organisms that may have gained access to it, two methods 
may be adopted — sterilisation and pasteurisation. To ensure 
sterilisation it is necessary to heat the milk to boiling point 
for six hours, or to expose it for a shorter period to steam 
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under pressure. Such, treatment, however, markedly alters 
the flavour and appearance of the milk If the milk be heated 
to a temperature not exceeding 70° CL, the flavour and nutritive 
qualities are far less altered, while the pathogenic species axe 
all destroyed. This method is termed “ pasteurisation/’ and 
consists in heating the milk in tanks to about 64° C. for twenty 
to thirty minutes by the “ bulk 55 or tc holding 55 process, or 
to 68°-70° C. for half a minute or so by the ££ flash 5? process, 
in which the milk passes continuously through the apparatus. 
Pasteurisation destroys 92—99 per cent, of the total organisms 
present. It is generally admitted that low-temperature 
pasteurisation is to be preferred, and the bulk of the London 
milk supply is now so treated The chief objections urged 
against pasteurised milk are that such heated milk induces 
scurvy rickets in infants, the lactic-acid-forming organisms are 
killed, and if the treated milk be kept, the residuum of resistant 
putrefactive, etc., bacteria multiplies enormously, without 
obvious change in the milk, and ££ returned 55 milk can be 
utilised again and again. Owing to improved keeping qualities, 
it is also suggested that pasteurisation will tend to less care in 
the production of the milk. There is no evidence that heated 
milk, if consumed fresh , is in any way deficient for infant 
feeding. Pasteurised milk should be rapidly cooled and be 
consumed within twenty-four hours of treatment. The 
addition of preservatives to milk is generally condemned, and 
is now prohibited. Another method for sterilising milk is the 
Budde process,* in which the milk, after the addition of 
hydrogen peroxide, is heated for three hours to 52°-53° C. 
All non-sporing organisms are destroyed, and the added 
hydrogen peroxide is decomposed into H 2 0 and 0 2 . Ultra- 
violet light has been tried, but is inefficient owing to the 
opacity. Sterilisation by an electric current has also been 
reported to be successful. 


The thermal death-point of pathogenic organisms in milk is 
as follows f : — 


Organism. 


; 

Temperature 

Period of Exposure. ^ 

' B. tuberculosis 


1 

60° C. 

20 mm. 

, B. typhosus 



60° C. 

2 mm. 

B. diphtheria? 



t>0° 0. 

1 min. 

| Vib. choleras 



60° O. 

1 mm. 

' dysenteric e 



60° C. 

10 mm. 

' M. tnelitensis 

i 


* , 

60° C. 

20 mm. j 


m Hewlett, Lancet? 1906, vol. i., p. 209. 
f ftosenau. Hygienic Lab., Washington, Bull. 42, 190S. 
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The thermal death-point of the tubercle bacillus, especially in 
milk, has been the subject of some controversy (see also p. 285). 
The author found that the vitality of the ordinary non-virulent 
laboratory cultures was destroyed by a temperature of 60° C. 
acting for ten minutes, and that the infective properties of tuber- 
culous sputum, tested on guinea-pigs, were destroyed by a tem- 
perature of 65° C. acting for fifteen minutes in five out of six 
instances. The irregular results obtained by some investigators 
seem to be explained by Theobald Smith’s careful work.* Thu 
showed that tuberculous milk was rendered non-mfective by 
heating to 60° C. for ten to fifteen minutes, provided there was 
no formation of a surface scum , the latter seems to protect the 
bacilli. Russell and Hastings | confirmed Smith's experiments 
and assert that it is sufficient to heat milk to 60° C. (140° F.) in 
a closed 'leceptacle for a period of not less than twenty minutes m 
order to destroy the tubercle bacillus The surface scum forms 
on milk only when it is heated m contact with air. These results 
are confirmed by Campbell Brown. J He added emulsions of tubercle 
bacilli to milk; and determined that twenty minutes' exposure at 
60° C. or five minutes’ exposure at 70° C. destroyed the infective 
XDOwer of such milk for guinea-pigs. The results were the same for 
twenty-five different strains, of which fifteen were ot the bovine 
type. Special precautions were taken to ensure that approxi- 
mately the same number of organisms was used m each test, and 
that the bacilli were subjected to the particular temperature only 
for the time stated by adding the cold emulsion to the milk 
heated somewhat above the particular temperature and so reducing 
the latter to the proper temperature- The author has devised a 
simple form of domestic pasteuriser which is made hv Messrs. 
Allen and H anbury. 

The occurrence of so-called leucocytes and pus-cells in milk 
must be considered. A certain number of cells resembling 
polymorphonuclear leucocytes are always present m milk, 
more numerous during the first week of lactation, and then 
accompanied by colostrum corpuscles. An excess of these 
cells may indicate some local inflammatory affection of the 
udder, or, if streptococci and blood are present m addition, 
suppuration, but not necessarily, for Russell and Hoffmann, 
and Revis have shown that a very large cell count (500,000- 
1,000,000, or even 10,000,000, per cubic centimetre) may often 
be obtained from quite bealthy cows. The nature of these 
cells was the subject of an extended investigation by Hewlett, 

* Journ. Exper. JWed , vol. iv , 1899, p 217. 

f Seventeenth Ann. Rep Wisconsin Agricult. Exp. Station . 

t Lancet , 1928, vol. ii., p. 317. 
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Villar, and Rev is.* Their conclusion is that the majority of 
these cells are not leucocytes, but are germinal cells of' the 
secreting epithelium of the udder .f Blood may also be 
present transitorily in health (Revis) ; a few red corpuscles 
are probably present m all milk The presence of squamous 
epithelial cells indicates desquamation from the teat or udder 
or from the hand of the milker. 

There is no doubt that micro-organisms are frequently far 
more abundant in milk as supplied to the consumer than 
should be. This arises from the ignorance and carelessness of 
those charged with the duty of providing and distributing this 
important article of diet. The udder and teats of the cow and 
the hands of the milker (who should wear a special dress) 
should be wiped before milking, and all vessels should be clean 
and sterilised by steam immediately before use. The milk 
should be milked into a “ small-top 77 pail, cooled to, and 
maintained at, about 50° F., the newer types of milk churn 
adopted, and the milk not stored, but forwarded without 
delay by the railway companies in special refrigerator vans. 
There is no reason why a clean milk containing not more than 

10.000 organisms per cubic centimetre when it reaches the 
consumer should not be produced by these simple measures. 
Distribution in bottles would be a great improvement. 

Condensed milks, even the best, are never sterile, but the 
number of organisms should be low — not exceeding 200 or 300 
per cubic centimetre. Dried milk similarly is not sterile, but 
when fi£ re-constituted 57 should not contain more than, say, 

30.000 organisms per cubic centimetre. 

It is becoming customary to grade 75 milk, and the Ministry 
of Health now recognises the following grades and standards : 

(a) Certified milk. To be bottled at the farm. Organisms 
not to exceed 30,000 per cubic centimetre, and B . coli 
absent from 0T c.c. 

(h) Grade A milk. Organisms not to exceed 200,000 per 
cubic centimetre, and B. coli absent from 0'01 c.c. 

(c) Grade A, tuberculin tested. Same as grade A. 

( d ) Grade A pasteurised (to be bottled). Same as certified. 

le) Ordinary pasteurised. Organisms not to exceed 100,000 

per cubic centimetre. (No reference to B. coli.) 

(On the hygienic relations of milk, see Principles of Preventive 
Medicine , Chapter XI., Hewlett and Nankivell (Churchill, 1921).) 


* Jcmrn. of Hygiene, vols. ix., x., xi , and xiii. 
t But see Varrier-J ones, Lancet , 1924, vol. ii., p. 537. 
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Soured Milk .— Soured milk is used as an article of diet in 
many parts of the world, e.g ., Bulgaria. In these soured milks a 
particular micro-organism or a variety of it, the B. bulgaricus or 
w bacillus of Massol,” is generally present in association with lactic 
streptococci. It is a large, pleomorphic. Gram-positive, aerobic 
bacillus, non -mo tile, non-sporing, growing best at about 40“ C., 
but only in milk or in culture media made with milk or whey. 
It has been much employed for the preparation of a soured miik 
which is of considerable service in the treatment of certain dis- 
orders.* 

The Boas-Oppler bacillus, met with m the stomach m cases 
of carcinoma of that organ (p. 545), appears to he identical with 
the JB . bulgaricus . 

Examination of .Milk 

Some of the organisms of milk will grow only in milk or media 
made with whey. Begytone whey is made as follows : Warm 2 litres 
of fresh separated nnlk to 37° C , add sufficient rennet solution to 
curdle it, and allow it to stand for ten minutes. Break the curd 
into a few large pieces with a glass rod, heat to 80° C., and strain 
the whey through a cheese cloth. Add 1 per cent, peptone and 
0*5 per cent, sodium chloride and strain for half an hour. Neu- 
tralise as for broth, steam for one hour and filter through x>aper. 
The peptone whey may be tubed and sterilised in the steamer on 
three successive days, or it may he converted into whey gelatin 
or whey agar by the addition of 10 per cent of gelatin or 1*5 per 
cent of agar, dissolving by lieat, tubing and sterilising. 

EuumeraBon of Organisms , etc — The Ministry of Health has 
issued the following instructions for the examination of graded 
milk. Samples must be examined as soon as possible, and should 
be packed m ice. 

Medium for JPlates. — 1,000 c.c , tap water ; 5 grm. peptone ; 

3 grm. lemco. Dissolve by heat and filter hot through paper, 
add 15 grm. agar (best quality, clean) ; dissolve by heat, titrate 
with plienolphthalein ; the reaction will usually fall between 
-f- 5 and + 10 on Eyre’s scale, and the medium may then be used 
without any further adjustment of titre. If a batch does not fall 
within these limits, it should be brought within them by adding 
the minimum amount of acid or alkali. 

Cool to 45° C., then bring to boiling point and filter through 
paper or absorbent cotton until clear. Eggs must not be used for 
clearing. 

Distribute in flasks and sterilise for half an hour at 15 lb. 
pressure or for twenty minutes on three successive days in the 
steam steriliser. 

* See Hewlett and others, Brit . Med Journ 1910, vol. li. (Bibliog.). 
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Dilutions. — Dilutions of (a) 1/10, (b) 1/100, (c) 1/1,000 are t< 
be made in bottles containing accurately measured quantities o 
sterile water and fitted with glass stoppers ; or by some othe 
means which makes shaking possible. The dilution should be 

(a) 90 c.c. water plus 10 c.c. milk ; 

(b) 90 c.c. water plus 10 c.c. of the (a) dilution ; 

(c) 90 c.c. water plus 10 c.c. of the (&) dilution. 

Two pipettes are required for each sample, one for dilution (a 
another for dilutions (h) and (c) ; the latter pipette should b 

washed out ten times in each dilution as it is made. Straighi 

sided pipettes (not bulbed) should be used. 

In making dilutions the original sample and each dilution bott 
must be shaken twenty-five times, each shake being an up an 
down motion, with an excursion of about 1 ft. In making tl 
plate, run the required quantity of diluted milk into a Petri dis 
(3^ in. internal diameter), and add about 15 c.c. of melted agi 
cooled to 45° C. The depth of the agar in each Petri dish shou 
be uniform. 

Not more than half an hour should elapse between the dilutic 
of the milk and the pouring of the plate. 

After the agar has thoroughly hardened, incubate for fort, 
eight hours at 37° C. 

Counting of Colonies. — If among the different dilutions the 
are plates containing from 30 to 300 colonies, these should all 1 
counted, and the number, multiplied by the dilution, rejiorted 
the final count. If there are no plates within these limits, th 
which comes nearest to 300 is to be counted. No plate that co 
tains less than twenty colonies is to be counted, unless there a 
no plates with a larger number of colonies. If the number 
colonies on a plate is over 300, a part of the plate may be counte 
and the whole plate averaged. 

Coli ” Tests. — For certified and pasteurised milk, four tub< 
each containing 10 c.c. of litmus bile-salt lactose peptone wat 
and a Durham’s fermentation tube are to be inoculated, the fii 
with 1 c.c., the second, third and fourth, each with 1/10 c.c. of t 
sample under examination, and incubated at 37° C. For Grade 
(tuberculin tested) and Grade A milk, three tubes are each to 
inoculated with 1/100 c.c. of the milk. 

An uninoculated control tube is also to be incubated. 

The tubes are to be examined for acid and gas production at t 
end of forty-eight hours and at the end of three days. 

With ungraded milk, the same method may be applied, b 
higher dilutions may be required, and for B. coli a series of amoui 
in descending decimal order from 0*1 c.c. down to 0*000001 e 
are put up in litmus lactose bile-salt tubes. Gelatin plate corn 
may be mad© in addition. 
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B welchii may be looked for by placing 25 c.c. and 10 c.c. of 
the milk in sterile test-tubes and 1 c.c. and 0*1 c.c. of the milk in 
sterile milk tubes, heating all the tubes to 80° C. for twenty 
minutes m a water-batli and incubating anaerobically. 

Breed and Brew count the organisms directly. With a special 
pipette, 0*01 c c. of milk is deposited on a slide, the droplet of 
milk is spread evenly with a stiff needle over an area of one square 
centimetre, and the slide is dried quickly in a warm place. When 
dry, the slide is treated with xylol for one to a few minutes, then 
with 80 per cent, alcohol for one to a few minutes, and is finally 
immersed in a fresh saturated aqueous solution of methylene blue 
in which it remains for from five to sixty seconds. The film is 
then rinsed with water and decolourised with alcohol to the required 
degree. The slide is finally dried, and the film examined directly 
with the oil-immersion lens. The organisms and cells in 100 fields 
are then counted, and, knowing the area of the field (seep. 602), 
the total number of organisms m 1 c.c. of the milk can be calculated. 
The method is unsuitable for milk with a low count and for 
pasteurised milk. The pipette is of the lisemoeytometer pattern 
and should be calibrated with mercury to contain 0-0104 c c. to 
allow for the loss of milk due to adhesion to the glass (0-0104 c.c. 
of mercury = 0 1423 grin.). 

Pathogenic Organisms —The detection of these, with the excep- 
tion ol the tubercle bacillus, is difficult and uncertain. In all 
eases the milk should be centrifuged, and the deposit examined. 

(1) For the detection of the tubercle bacillus staining methods 
are almost useless (except in cases of advanced tuberculosis of 
the udder or when the milk ot a single cow is examined), and 
inoculation must he performed At least 250 e.e. of the milk 
should be centrifuged at 2,000 to 2,500 revolutions per minute 
for an hour. As many organisms become entangled m the cream, 
it is advisable to stop the machine after half an hour, stir in the 
cream, and again centrifuge. The fluid is poured or pipetted off 
carefully, so as not to disturb the sediment, leaving about 3 c.c. 
in the tube. The sediment and the remaining fluid are then well 
mixed, and about 1 c.c. is inoculated subcutaneously and mtra- 
peritoneally into two gumea-pigs respectively (see also p. 301). 
For microscopical detection of tubercle bacilli in milk, Douglas 
and Meanwell * recommend the following method of concentration : 
To 10 c.c. of milk in. a centrifuge tube provided with a rubber - 
capped screw top, 0*5 c.c. of trypsin solution is added (Allen and 
Hanbury’s Biq. trypsmi co.). The tube is incubated for six hours 
at 37° C. After cooling, 5 c.c. of ether are added, the cap is 
screwed on firmly, the tube is shaken thoroughly at least 200 times. 


* Brit. Journ. Exper. Pathol , vol. vL, 1925, p. 203 
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and afterwards centrifuged for twenty minutes at 4,000 revolutions 
per minute Tlie liquid now forms three layers, tire ethereal layer 
on the surface, a clear fluid at the bottom, and between the two a 
gelatinous disc which contains the acid-fast organisms. Loopfuls 
of the latter are removed with a x>latinum loop and deposited on 
slides, a droplet of distilled water is added to each, mixed, spread 
and allowed to dry without warming. The films are fixed m 
alcohol and ether for two hours and stained by the Zielil-JSTeelsen 
method. 

Xon-pathogemc acid-fast bacilli occur in milk (p. 309). 

(2) The diphtheria bacillus is searched for by making serum 
cultures from, and inoculating guinea-pigs with, the sediment. 
If a diphtheroid organism is detected it must be isolated and 
examined by culture tests and animal inoculation. 

In mill and cheese a bacillus is frequently met with closely re- 
sembling the diphtheria bacillus in its morphological and cultural 
charade) s ; it is, however , quite non-pathogemc. 

(3) The typhoid, paratyphoid, Gartner, and dysentery bacilli 
and cholera vibrio may be searched for by the methods given for 
-Water.” 

(4) The JZ. pyogenes and the Streptococcus pyogenes may he 
searched for by means of plate cultures on glycerin agar. 

(5) Examination of Sediment . — Houston and Savage ( loc . cit ) 
have devised methods for the quantitative estimation of the 
sediment by centrifuging m special graduated tubes. For the 
microscopical examination of the sediment the milk is centrifuged 
for twenty -minutes at 1,500 revolutions per minute, and the 
upper fluid is pipetted or syphoned off. Some of the sediment 
should he examined with the ‘f m. and ^ in. objectives for the 
presence of “ dirt,” e.g., hairs, straw, etc. Three smear prepara- 
tions are then made, each with four drops of the sediment, which 
are spread evenly over three -fourths of the slide. The slides 
are air-dried, and may be treated with a mixture of absolute 
alcohol and ether for ten minutes. One slide is stained with 
Lofflers blue, another by Gram’s method for streptococci, and a 
third by the Ziehl-Neelsen method. The Loftier’ s blue specimen 
gives a general idea of the number of bacteria present, and of tbe 
presence and character of cells. 

From what has been said above (p. 591), considerable caution 
must be exercised in stating the presence of pus-cells. Strepto- 
cocci present are not necessarily pathogenic, as non-pathogenic 
lactic-aeid-forming streptococci are common. For counting the 
number of cells present, Levis * employs a centrifuge tube 
of 10 G.c. capacity, the lower third of which is contracted to 


* J our n of Hygiene, vol. x., 1910, p. 58. 
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0*8 cm. in diameter, and contains 1 c.c. The procedure is as 
follows : — 

In the tube are placed 5 c.c. of the well-mixed milk, diluted to 
the 10 c.c. mark with saline. After inserting a rubber stopper the 
contents are well mixed. The tube is then centrifuged at about 
2,000 revolutions per minute for two minutes, the cream is broken 
up by violently shaking the upper part of the tube, and the 
rotation continued for four minutes longer. A glass rod, fitting 
the narrow neck of the tube, is inserted, the milk above is poured 
off, and the upper part of the tube well rinsed with water to 
remove cream, etc. The contents of the narrow end down to 
within i in. of the deposit are next removed with a fine glass 
pipette, the upper part of the tube is wiped clean, and the tube 
is then filled to the 10-c c. mark with saline. The tube, having 
been violently shaken till all the deposit is distributed through 
the liquid, is then rotated for four minutes, and the liquid down 
to within -f- m. of the deposit again removed In the case of small 
deposits, two to three drops of saturated aqueous solution of 
methylene -blue are added, and the deposit is stirred up by blowing 
through a fine glass capillary pipette (which is afterwards used 
for filling the counting chamber). After fifteen minutes, water 
is added to the 1-c.c. mark, and counting done m the usual way 
with a Thoma-Zeiss blood counter. Counting should he done by 
fields, the area of the field m squares being determined (see 
Appendix), and fields are counted all over the chamber At least 
two different preparations should be made of the same deposit foi 
counting. 

Food Poisoning * 

Apart from being naturally poisonous or from the presence 
of extraneous poisonous substances, food which is normally 
wholesome may produce pathogenic effects as a result of the 
activity of micro-organisms. This action may be exerted in 
two ways : (1) the foodstuff may be attacked by bacterial or 
fungoid organisms and poisonous products formed, resulting 
in an intoxication , or (2) the foodstuff may be infected with 
living micro-organisms which give rise to an infection. 

(1) In the first class of food-poisoning the well-known 
C£ ptomaine poisoning ?? must be placed. By bacterial action 
on proteins, nitrogenous compounds or ptomaines, chemically 
allied to the vegetable alkaloids, may be formed, and many 
of them being intensely poisonous, the consumption of food 
so attacked might be expected to give rise to poisoning. It 

* See Savage, Food Poisoning and Food Infections , 1920, and Hewlett 
and N ankivell. Principles of Preventive Medicine , 1921. 
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is supposed to occur particularly in connection with, tinned 
foods. In tinning and canning the tins containing the food 
are heated in steam to sterilise them and the tins are closed 
while hot. In some cases the sterilisation is imperfect, certain 
bacterial spores retain their vitality and subsequently grow 
and multiply with the formation of toxic products, and the 
poisoning becomes manifest within an hour or so of consump- 
tion as a severe gastro- enteritis. Tinned foods are rarely 
quite sterile, a few bacterial spores escaping. If these consist 
of strict aerobic species no harm results, but if anaerobic 
forms survive poisonous products may be generated. Gene- 
rally, the development of anaerobes is accompanied with gas 
formation, which tends to bulge the tins, giving rise to the 
condition known as ct blown tin/ 5 the existence of which acts 
as a danger signal. 

On the whole, -there is little evidence that tainted food is 
poisonous, and this form of food-poisoning must be of rare 
occurrence. It is only in the late stage of putrefaction, when 
the food is far too nasty to be eaten, that the poisonous protein 
degradation products are formed. 

Mussels from polluted layings occasionally give rise to 
gastro-enteritis. This has been ascribed to the formation of 
a ptomaine, mytilotoxin , by the action of putrefactive bacteria. 

In the United States outbreaks of food-poisoning m connec- 
tion with milk, cheese and ice-creams have been recorded. 
Yaughan determined that the poisonous property is due to 
the formation of tyrotoxicon , a benzene derivative. The 
mode of its formation is unknown. 

Botulism is another form of food intoxication, caused by 
the consumption of food containing the toxin of B. botulinus, 
an anaerobic bacillus which has been described at p. 399. 
With the single exception of the Loch Maree outbreak in 1922, 
no instance of botulism seems to have been recorded in this 
country, but it occasionally occurs on the Continent and in 
the United States in connection with animal and vegetable 
products, preserved or tinned, such as ham, sausage, pickled 
mackerel, bean salad and canned beans, olives,* clam broth 
and meats. It has also been met with in connection with 
fodder causing poisoning of horses. y It was at one time 
supposed that B. botulinus is a normal inhabitant of the hog’s 
intestine, but Dickson examined the intestine of 250 hogs and 

* A characteristic and exhaustively investigated outbreak See Public 
Health Reps., U.S.A. Public Health Service, 1919, vol. 34, No. 51. 

f Graham and Brueckner, Journ. of Bacteriology , vol. iv., 1919, p. 1. 
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failed to find it. Burke * examined a variety" dfi-sub stances — 
leaves, hay, vegetables and fruits, manure, soil, ‘insects, snails, 
material from birds — and isolated the organism on seven 
occasions from mouldy hay, mouldy and damaged cherries, 
beans, spiders on beans, and the manure from a hog which had 
recovered from botulism. It is not necessarily associated 
with active decay, but may be present in blemishes on other- 
wise sound fruit and vegetables. 

B. botuhnus , when consumed apart from its toxin, produces 
no effect, so that botulism is caused by the ingestion of food 
in which the toxin has been formed as a result of the develop- 
ment of B. botulinus m it. The toxin is destroyed by heating 
to 70° C., so that well-cooked food would he harmless, even 
though B. botulinus might have been growing in it. Symptoms 
usually appear twelve to twenty-four hours after the consump- 
tion of the infected food and are almost entirely referable to 
lesions of the central nervous system — thirst, dysphagia, 
amaurosis, paralysis of accommodation, ophthalmoplegia, 
mydriasis, etc. Vomiting and diarrhoea are frequently absent, 
but if present are slight and transitory. Fatal cases show 
increasing respiratory paralysis and cardiac failure ; the case 
mortality may be 30 per cent , 50 per cent , or higher Anti- 
toxin is now provided by the Ministry of Health for treatment, 
but it must be used early. 

Ergotism is another example of food intoxication, due to 
the consumption of rye which has been attacked by the ergot 
fungus, Claviceps purpurea. 

(2) Food-poisomng associated with infection. — While infec- 
tion associated with food may be due to the typhoid and 
tubercle bacilli, cholera vibrio and many other organisms, 
common usage restricts this form of food-poisoning to infections 
with organisms belonging to the Gartner group. It is manifest 
by the occurrence of acute gastro-enteritis within twenty-four 
to forty-eight hours after consumption of the food. The 
majority of outbreaks is associated with meat food, and the 
case mortality is generally low, not exceeding 2 per cent. 
Infection is derived from such substances as pork, brawn, 
sausage, meat pies, fish, potted meat and fish paste, tinned meat 
and fish, occasionally beef, and rarely mutton and vegetables. 
The organisms concerned are the B. ententidis and its variants, 
or forms allied to it (see pp. 334, 335). Several outbreaks of 
food-poisoning have been attributed to B. proteus , but the 
evidence is inconclusive. 

* Journ. of Bacteriology, vol. iv., 1919, p. 541. 



600 A MANUAL OF BACTERIOLOGY 

Canned foods have been tbe subject of an extensive research 
by Savage.* Even perfectly sound tins are frequently not sterile 
(meat, 63 ; fish, 48 ; Crustacea, 84 ; fruit, 22 , per cent not sterile). 
Nevertheless, Savage considers that the dangers from their use 
are not great and are at least as easily controlled as in the case of 
other foods. 

Meat is not likely to convey any bacterial disease with the 
exception of Gartner infections, tuberculosis and anthrax. It 
may be examined by cultures and plate cultivations, and by 
inoculation and feeding experiments. Ordinary market meat may 
develop up to 300 million colonies on agar at 20° 0. per gram, 
with an average of about 124 million colonies (0- M. Brewer). 
Tinned meats 9 etc., may be examined by aerobic and anaerobic 
cultures, and by feeding mice. 

Bread. — Troitzki states that new bread contains no micro- 
organisms, but Waldo and Walsh found that such organisms as 
the comma bacillus may not be destroyed by passing through the 
ordeal of the baker's oven. Cut bread forms a good nidus for the 
development of some pathogenic organisms. Bread becomes 
glutinous or “ropy" through the action of certain organisms 
belonging to the JB. mesentei icus group, viz , JB. m pan is viscosi 
and B. m. f ascus pams viscosi f 

The Bacillus prodigiosas may grow upon various foodstuffs, 
and give rise to suspicion of foul play. L Parkes described cases 
of diarrhoea which he suggests were caused by this organism. 

Butter contains from two to forty-seven millions of micro- 
organisms per gramme. Tubercle and typhoid bacilli have been 
found in butter, and the comma bacillus artificially introduced 
survives for over a month. *' Acid-fast " non-patliogenie forms 
also occur (p. 309). 

For the isolation of the tubercle bacillus from butter and cheese 
the only certain method is by inoculation. Butter may be melted 
and allowed to stand in the incubator at 37° C. for some days, 
and tbe sediment inoculated. As this involves the multiplication 
of septic organisms, it is preferable to centrifuge the melted butter, 
keeping it melted during the process, and to inoculate the sedi- 
ment immediately. 

Moulds and yeasts are common in some food-stuffs, particularly 
tinned fruits and jams. 

Some cheeses owe their characters to certain moulds, e g., 
gorganzola. 

A particular hyphomycete, Fusarium graminearum if may occur 

* Canned Foods in Relation to Health (Cambridge Univ. Press, 1923). 

f See Journ of Hygiene, vol xix., p. 380 (Refs.). 

* Matthews, Journ. Roy Microscop. Soc. 7 Series II , vol. ui , 1883, 
p. 321 . 
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in butter and other food -stuffs, giving rise to red spots. It is 
identified by the characteristic pointed crescentic spores which it 
forms. 

Clothing , etc — Attempts have been made to examine clothing, 
bedding, flock, etc., by bacteriological methods for filth con- 
tamination, but without much success. 

Ann a of a Microscopic Fifed. 

The area of a microscopic field = D 2 x 0 785, where D = the 
diameter of the field The diameter is ascertained by means of 
a stage micrometer, which i^ viewed with the same objective, 
eye-piece and tube-length as used in the observation. 



CHAPTER XXIII. 


DISINFECTION.* 

HEAT — STEAM DISINFECTION — CHEMICAL DISINFECTANTS 
— THEORY OF DISINFECTION— METHO DS OF DETERMINING 
DISINFECTANT POWER. 

Natural agencies restrain tlie multiplication of disease 
organisms, but enough survive to determine the persistence 
of infective diseases, and to call for measures by which com- 
munities attempt to cope with them. These measure.- are 
broadly isolation, prophylactic inoculation, general improve- 
ment in sanitation and nutrition, and disinfection. In the 
present chapter the methods by which the fourth means 
of protection may he applied are considered. Disinfection 
implies the removal or the destruction of infective properties, 
but, for practical purposes, should be understood to mean the 
killing of the infective organisms to which those properties are 
due. For this purpose the two agencies ordinarily used are 
heat and chemical action, though, in addition, other methods 
can occasionally he employed for destroying or excluding 
micro-organisms. Such are light, desiccation, and filtration. 

Heat. — Fire is the simplest and most efficient agent for 
destroying infective matter. Burning should always be 
employed whenever possible, for rags, old clothing < >r bedding, 
native huts, etc. 

For surfaces which would not be unduly injured, such as 
stables, pens, yards, etc., flaming with a painter's blow-lamp 
may be employed. If the surfaces be first sprayed with water, 
risk from fire is practically abolished, and the operator soon 
acquires experience as to the duration and amount of flaming 

Dry heat may also be used, and forms the basis of some 
disinfectors (Ransome’s), but is not nearly such an efficient 
agent as moist heat. The objections to dry heat are, that to 
ensure the destruction of bacteria and spores the temperature 
must be high and the heating prolonged. Koch and Wolfhiigel 
found that two hours at 150° C. did not always ensure 
sterilisation, and GafEky and Loffier state that the spores of 
* See Hewlett, “ Milroy Lectures/ 5 Lancet , 1909, vol. 1 . 
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some organisms are killed only by exposure to hot air at 140° C. 
for three hours. Moreover, dry heat has little power of pene- 
tration, and it requires many hours for the centre of a mass of 
bedding, or the like, to attain the temperature requisite for 
sterilisation, while some articles and fabrics are distinctly 
injured by the prolonged heating. The highest temperature 
which can be safely adopted for a dry-heat disinfector is about 
120° C., and then if large masses have to be treated the heating 
has to be continued for from eight to ten hours. A rise of 
5° C. above this temperature is sufficient to damage many 
woollen goods, which enhances the objections to a dry -heat 
disinfector, as it is difficult to keep the temperature of a large 
chamber constant. 

For these reasons, disinfection by dry heat is often im- 
practicable ; on the other hand, moist heat is more effective, 
is found to work well in practice, and is now generally adopted . 
In the household, for articles which cannot be burnt, brisk 
boiling for an hour or so wall suffice. 

Steam Disinfection . — For public disinfectors, steam under 
pressure — i.e., at a pressure greater than that of the atmo- 
sphere — is employed. Steam under pressure has not such a 
deleterious action on articles, with the exception of leather, 
as dry heat, while its penetrating powers are far greater. By 
4 4 saturated steam 55 is meant steam at the temperature at 
which it can condense, and the temperature of the condensa- 
tion point rises as the pressure increases. By 44 superheated 
steam is meant steam at a temperature higher than that at 
which it can condense ; therefore superheated steam has to 
be cooled down into the state of saturated steam before con- 
densation ensues. If superheated steam is used for disinfection, 
it loses heat by conduction, and the rise in temperature of the 
articles treated approximately corresponds to the fall in tem- 
perature of the steam. With saturated steam, on the other 
hand, immediately it is cooled an enormous amount of latent 
heat is set free by the change in state from the gaseous to the 
liquid condition, therefore saturated steam is a far more 
efficient disinfectant than superheated steam. These con- 
siderations should always influence the choice of a steam 
disinfecting apparatus for efficient working. 

The Washington-Lyons apparatus, or its modifications, is 
commonly employed. It consists of an elongated cylindrical 
boiler with double walls, forming a jacket, and a door at each 
end. The boiler is of sufficient size to admit bedding, and may 
be built into the partition wall between two rooms, so that 
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each door opens into a different room. Into one of the rooms 
the infected articles are conveyed, and are placed in the dis- 
infector as lightly packed as possible ; when disinfected they 
are removed by the opposite door into the other room, thereby 
avoiding all chance of reinfection. Steam at a pressure of 
about 20 lb. is admitted into the jacket and then passes to the 
inner chamber, the object of the jacket being to warm the 
chamber, and so prevent condensation. For the same purpose 
hot air is sometimes injected beforehand to warm the chamber 
and articles and after the steam disinfection can again be 
injected for drying. The length of time required for disinfection 
does not exceed a half to one hour. 

In Thresh’s disinfector the steam is generated from a salme 
solution (calcium chloride), which has a boiling-point (105 c C ) 
higher than that of water. 

The thermal deatli-iiomt of a number of organisms m pure 
culture has been determined by many investigators. Eyre 
suggests the following as * standard conditions *' for determining 
thermal death-points : 

(1) Length of time exposure " to be ten minutes. 

(2) Emulsion to he prepared from vw optimum cultivation. " 

(3) The vehicle m which culture is suspended to he sterile s>alt 
solution or sterile distilled water. 

(4) Strength of emulsion to corresj>ond to about 1 milligramme 
of culture per cubic centimetre. 

(5) Bulk of emulsion to be not less than 3 c c 

(6) Emulsion to be contained m test-tube of 1*5 cm. diameter 
with walls 1 mm. thick 

(7) Emulsion to be heated m a water-bath regulated by a 
delicate thermo -regulator, with an accurate thermometer. 

(8) Broth cultivations and agar plates both to be msed in deter- 
mining the death of the bacteria, and the period of observation of 
these cultures to he extended, when necessary, to seven or four- 
teen days The experiments to be repeated at least once. 

(9) Thermal death-point to be first roughly determined to 
within 5° C. 

(10) Thermal death-point to be finally determined to within 
1° C. ? and to be defined as that temperature which causes the 
death of all micro-organisms exposed to it, within the ten minutes 
under these standard conditions. 

Light is not used directly for disinfection, but indirectly in 
nature and in our homes may not be an unimportant factor. 
It has previously been referred to at p. 21. Sunlight, and 
artificial light rich in violet and ultra-violet radiations, such 
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as that emitted by a quartz mercury vapour lamp, are efficient 
germicides. The latter was tested by Barnard and the author 
with excellent results, but, unfortunately, the germicidal rays 
have no power of penetration and are stopped even by thin 
glass. 

Desiccation, although one of Nature’s methods of disinfection, 
is not made use of to any extent by man except as an inhibitory 
agent for the preservation of many articles of food. Shattock 
and Dudgeon found that many bacteria, e.g., B. coh and B. 
typhosus > rapidly succumb to complete desiccation, but B. 
pyocyaneus maintained its vitality for two years under these 
conditions. 

Filtration is a method of disinfection by exclusion, and m 
the form of sand filtration and filtration through a porous 
candle, as in the Berkefeld and Pasteur-Chamberland filters, 
is made use of for the sterilisation of water and other fluids. 

Chemical Disinfectants. — A large number of chemical 
substances variously known as germicides, antiseptics, dis- 
infectants, deodorants, etc., have the power of interfering 
with or masking the results of, the vital activities of micro- 
organisms. Germicides are substances which kill bacteria or 
germs ; antiseptics, by inhibiting bacterial development, 
prevent sepsis or putrefaction ; and by cc disinfectant 5> is 
meant a substance which prevents the action of, or destroys, 
infective matters, while deodorants destroy or absorb foul- 
smelling gases the result of putrefactive and similar processes. 
All germicides are disinfectant and antiseptic, but many anti- 
septics, though preventing or inhibiting the development of 
bacteria, are not necessarily germicidal. 

Many deodorants act largely mechanically, and although 
often not germicidal, and hence not ideal disinfectants, are of 
some value in preventing the deleterious and depressing effects 
of the emanations from decomposing organic matter. Such 
are charcoal, ashes, dry mould, and peat (peat has also a 
germicidal action). Other deodorants, such as quicklime and 
chloride of lime, act chemically. 

The principal germicides and antiseptics are the halogen 
elements, the mineral acids, a large number of metallic salts, 
phenol and many coal-tar derivatives, and various organic 
bodies and essential oils. 

Theory of Chemical Disinfection . — The theory of chemical 
disinfection is not yet fully understood. As first suggested 
by Paul and Kronig, the degree of ionisation of a solution 
has an important bearing on its disinfecting efficiency. 
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Paul and Kronig * made a number of experiments with the 
M. pyogenes and spores of anthrax to determine the effects 
of various acids, bases, oxidising agents, and metallic salts on 
bacteria. The salts of mercury, gold and silver exert a marked 
germicidal action, strongest in the case of mercury, while the 
platinum salts are almost inactive. The efficiency of mercuric 
chloride is markedly lessened by the presence of sodium 
chloride or other chlorides, and in alcoholic solution. Of the 
oxidising agents, nitric, chromic, chloric, and permanganic 
acids act in the order stated ; chlorine has the most powerful 
action of the halogens Phenol acts better in a 5 per cent, 
solution than in higher concentrations, and the efficiency h 
increased by the addition of sodium chloride, but diminished 
by the presence of alcohol, and under the most favourable 
conditions it is not such a powerful germicide as mercuric 
chloride. Organisms in masses are less readily acted upon 
than when they are isolated. 

The efficiency of a germicidal salt in solution depends upon 
its ionisation (p. 48). and the greater the dissociation the more 
active will the substance be as a germicide. Taking mercuric 
chloride, bromide and cyanide, the ionisation of the chloride 
is greatest, and that of the cyanide is least, and the following 
results show that the germicidal power of the three is in this 
order : f 

Number of 

colonies winch developed. 


After After 

Solution. 20 minutes 85 minutes' 

treatment. treatment. 

1 mole HgCl 2 in 64 litres 7 0 

1 „ HgBr a „ „ . . 34 0 

1 „ Hg(CN) 2 in 16 litres . oc 33 


Since the amount of this dissociation may he greatly influenced 
by the presence of other substances, much caution should be 
exercised in adding salts, etc., to increase solubility or prevent 
precipitation, as the addition may seriously impair germicidal 
power (see pp. 614, 616). 

Other factors, however, may influence the result. Thus, 
mercuric nitrate and sulphate are less toxic than a solution of 
equivalent concentration of mercuric chloride, although they 
are ionised to a much greater extent than the latter. This 
may be explained by the greater permeability of the cell-wall 

* Zeitschr. f physical . Che m , 1896, xxL, p. 4-14. 

j- Findlay, Physical Chemistry for Students of Medicine „ 1924. 
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to mercuric chloride than to the other mercuric salts or their 
ions. 

The disinfection process is a gradual one. In the early 
stages of disinfection large numbers of organisms seem to be 
killed, but the rate of killing becomes slower and slower as 
time elapses. Madsen and Nyman and Miss Chick * found 
that if the results be plotted, ordinates representing the 
numbers of surviving bacteria, and abscissae the corresponding 
times, the points lie on a logarithmic curve. The curve so 



obtained is similar in form to that of a “ unimolecular reac- 

1 'Yb 

tion,” and may be expressed by the formula ~ log — 1 = K, 

where n ± and n 2 are the numbers of bacteria surviving after 
times t x and respectively, and K is a constant. In the case 
of disinfection of anthrax spores with phenol, Miss Chick 
found the mean value of K to be 0*4:4. In the case of B. para - 
typhosus, however, the course of the disinfection is different 
unless the culture is very young, and Miss Chick concluded 
that the older individuals are less resistant than the younger. 
The progress of heat disinfection follows the same course. 
Miss Chick asserted that the act of disinfection is a unimole- 
cular reaction, but it is difficult to accept this view. Brooks j* 
has pointed out that these experiments do not include obser- 
vations in the initial stage of the process, and Henderson 

* Journ. of Hygiene, voL viii., 1908, p. 92 (Summary and Bibliog ). 
t Journ. General Physiol., voL i. f 1918, p. 61, 
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Smith.,* in experiments on the killing of Botrytis spores with 
phenol, finds that the curve is actually a sigmoid curve and 
not a logarithmic one , — that is, few organisms die in the early 
stage, many more die in the middle stages, and few die towards 
the end. The effect of increasing the strength of phenol is to 
accelerate the rate of killing in the early stages much more than 
in the later stages, so that the sigmoid character of the curve 
becomes obscured and tends more and more to assume the 
logarithmic type as the strength of phenol is increased. 

Thus, with 0*4 per cent, phenol, the curve is markedly 
sigmoid, it becomes less and less so with 0-5 and 0*6 per cent . 
and with 0-7 per cent it is practically logarithmic (Fig. 62). 

The meaning is that in a microbial population a small pro- 
portion have a low resistance, a much larger proportion have 
a medium resistance, and a small proportion have a high 
resistance. With a suitably low strength of the germicide 
this is apparent and the sigmoid curve is obtained, but with 
higher strengths the low resistance forms are killed off together 
with many of those of medium resistance, and the curve 
becomes of the logarithmic type The same result is obtained 
if observations in the initial stages are neglected. 

Factors modifying Disinfectant Action — Disinfectants m 
emulsion tend to be more efficient than when in solution. 
The efficiency of a disinfectant liquid partly depends on its 
concentration. The rate of penetration into bacterial cells 
decreases as the concentration increases above a certain limit. 
Most disinfectants yield, therefore, a greater amount of dis- 
infectant energy per gramme-hour m dilute than m strong 
solutions. In oil, glycerin, or alcohol, disinfectants lose some 
or most of their activity. Spores m anhydrous glycerin, oik 
or vaseline, are not killed at a temperature lower than 170’ C. 
acting for half an hour -j~ Of fats, lanolin alone seems com- 
patible with disinfectant efficiency. Some disinfectants form 
an emulsion on the addition of water, and their efficiency for 
a given amount of active material may vary within wide 
limits according to the manner in which they are emulsified. 
The temperature at which the organism is exposed to the 
disinfectant has a considerable influence on the extent or rate 
of disinfection. Up to the optimum temperature at which the 
organism to be disinfected grows in the medium in which it 
is being exposed, the activity of a disinfectant may decrease 
as the temperature rises, owing to increased vigour of the 

* Ann. Applied Biology , vol. vlii., 1921, p. 27. 

t hullock. Jour of Hygiene , xiii., 1913, p. 168. 

39 
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organism. A relatively small difference of temperature — two 
or three degrees — may make an appreciable difference in the 
activity of the disinfectant, and in the examination of dis- 
infectants the failure to remember this fact has led to serious 
error. A rise of temperature above the optimum for growth 
increases the activity of the disinfectant, sometimes to an 
enormous extent. The same is sometimes the case, even at 
temperatures below the optimum, when the organism is in 
unfavourable conditions for growth. A mixture of dis- 
infectants in some cases has a more powerful effect than 
can be produced by either separately (Chamberland). The 
resistance of bacteria to disinfection by chemical agencies is 
extremely variable and is also selective. Bacteria of one class 
may be many times more sensitive to one disinfectant than to 
another when both substances exert an equal effect on bacteria 
of another class. The presence of organic matter may pro 
foundly modify the action of chemical disinfectants, par- 
ticularly those acting by oxidation, considerably reducing 
their efficiency. 

Requirements for an Efficient Disinfectant . — The conditions 
which should be satisfied by an efficient disinfectant for 
general use are simple, but not easy to obtain. Because a 
disinfectant effect depends on the strength of the solution, the 
substance should have an approximately definite efficiency 
for particular organisms in given conditions. In practice 
disinfectants must be used with water or in an aqueous solvent , 
it should, therefore, yield a stable solution or uniform emulsion 
with -water in all proportions. Because bacteria as presented 
for practical disinfection usually have some organic coating, 
it should be stable in the presence of organic matter ; and as 
this coating is often of a greasy character, it should, especially 
if intended for use on dirty or greasy surfaces, have high 
solvent power for grease. For use when heat can also be 
applied, whereby its activity is enhanced, unless it decomposes, 
it should be stable at all reasonable temperatures. These 
conditions may be considered to be indispensable. It is further 
desirable that it should have a sufficiently high specific 
efficiency to allow of its being used in a readily diffusible 
dilution ; that its efficient solution or emulsion should be 
relatively cheap, not act on metals, nor be destructive to or 
stain fabrics, and be neither caustic nor toxic. Some dis- 
infectant substances may now be considered more in detail. 

Acids . — All acids have disinfectant action, and their 
efficiency depends, not upon percentage concentration, but 
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upon the degree of acidity. Solutions of acids of equal acidify, 
i.e. y of the same pH value, have approximately the same dis- 
infectant efficiency whatever may be the acid /and whether it 
be inorganic or organic. 

The acids have no great practical application in disinfection. 
That which is most commonly used is sulphurous acid, applied 
either direct from burning of sulphur or by the use of the 
liquefied gas. It produces a slow superficial disinfection of 
a weak and uncertain character even under laboratory con- 
ditions. Such experiments avoid, however, to a considerable 
extent the difficulty of diffusion, and the unequal diffusion of 
sulphurous acid in air and its small power of penetration make 
it less efficient in practice. To obtain even the poor efficiency 
which is its maximum possible it is necessary for the air to be 
damp and the room most carefully sealed, and in the^e con- 
ditions it is often more injurious to the objects under treatment 
than to the bacteria against which it is directed. One of the 
most efficient methods of applying sulphurous acid disinfection 
is by means of the Clayton apparatus. The gas is generated 
by burning sulphur in a current of air at a high temperature, 
and contains, in addition to S0 2 , traces of higher oxides of 
sulphur. Sulphurous acid gas is also a very efficient vermin- 
killer, destroying rats, cockroaches, bugs, fleas, flies, etc. 

Alkalies and Soaps . — The degree of alkalinity of a solution 
affects, but does not by itself altogether determine, its germi- 
cidal power, which is also dependent on the nature of its metal. 
The hydrates of thallium, lithium, barium, calcium, potassium, 
sodium, and ammonium have widely different efficiencies, 
roughly in the order named. Tor practical purposes only 
those of potassium, sodium, and calcium need be considered.' 4 " 
They exhibit notably the characteristic of all disinfectants in 
that they work much more vigorously m hot than in cold 
solution. Commercial soaps owe much of such germicidal 
power as they may possess to their alkaline state. A dis- 
infectant of greater efficiency than soap on a laboratory 
culture may be of less efficiency on an infection in actual 
practice, owing to the film of grease or greasy dirt which so 
commonly envelops the organisms. Soaps prepared from 
pure fatty acids differ in their germicidal power, those of the 
lowermost members possessing little. Sodium and potassium 
soaps do not differ greatly, and a selective action is sometimes 
exhibited. Oleates and linoleates kill the pneumococcus in 

* See Forrest and Hewlett, Journ. Roy. Army 3 led. Corps , February, 

1904. 
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concentration of 1 in 50,000 within fifteen minutes, the typhoid 
bacillus in concentrations of 0*5-1 *5 per cent, in the same 
time. The palmitates and stearates of potassium kill the same 
organisms in a concentration of about 0*7 per cent, in the 
same time, no selective action being exhibited. The M. aureus 
is resistant to all soaps.* Soaps are incompatible with most 
disinfectant substances, but not with all. Biniodide of mercury 
can be incorporated in soap, and for surgical purposes is a 
disinfectant of some value. The “ carbolic soaps of com- 
merce are, for the most part, worthless. 

Caustic lime, used generally as a 20 per cent, milk, has 
considerable disinfectant power, and has been applied to the 
disinfection of faeces. Tor this purpose care has to be taken 
to break up any lumps of excreta, and whenever practicable 
a heat process, of which the efficiency and rapidity may be 
increased by an alkaline disinfectant, is to be preferred. Lime 
is inefficient against the more resistant organisms, and lime- 
washing cannot be considered a sufficient precaution against 
them or against infections, such as those of scarlet fever and 
small-pox, of which the exciting organism is unknown. 

Halogens . — The disinfectant values of dry chlorine, iodine, 
and bromine are low. Both in a dry and a damp state chlorine 
is inconvenient, and the others are costly ; and the use of 
halogens is therefore practically confined to solutions, notably 

chloride of lime 55 (a mixture of calcium hypochlorite, 
hydrate, and chloride) and hypochlorite of soda (chloros). 
These have a powerful effect on laboratory cultures, but m 
practice need to be used in excess proportionate to the amount 
of organic matter which may be present. Thus, for instance, 
a 1 per cent, solution of hypochlorite of soda mixed with an 
equal volume of urine loses the whole of its available chlorine 
almost immediately, and becomes inert as a germicide. Where 
the amount of organic matter is small, and the objects are not 
likely to be injured, the hypochlorites are among the best of 
known disinfectants, provided they are used fresh. The slow 
addition of hydrochloric acid, yielding nascent chlorine, 
increases the activity of a hypochlorite considerably. A 
solution of iodine is much used for skin disinfection in surgical 
practice. Iodine trichloride is a powerful disinfectant, which 
has been used, among other purposes, for the sterilisation of 
water. fSTessfield suggested the use of chlorine for sterilising 
water on the large scale, and iodine for the same purpose on 
the small scale. Chloride of lime or other hypochlorite and 
* L E. Walker, Joum . Infect. Diseases, vol. xixv., 1924, p. 557. 
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chlorine gas are now extensively used for sterilising water on 
the large scale (p. 558). 

Hypochlorites, e.g., Eusol and Dakin’s solution, were much 
used during the war for the treatment of septic gun-shot and 
shrapnel wounds, as in the Carrel-Dakin system. Dakin s 
solution contains 0*5-0* 6 per cent, of sodium hypochlorite. 
It is prepared as follows : 

One hundred and forty grams of dry sodium carbonate 
(Na 2 CO s ), or 400 grams of the crystallised salt (washing soda), 
are dissolved in 10 litres of tap water, and 200 grams of chloride 
of lime (chlorinated lime) of good quality are added. The 
mixture is well shaken, and, after half an hour, the clear liquid 
is siphoned off from the precipitate of calcium carbonate and 
filtered through a plug of cotton, and 40 grams of boric acid 
are added to the clear filtrate. A slight additional precipitate 
of calcium salts may slowly occur, but it is of no significance. 
The solution should not be kept longer than one week. The 
boric acid must be added to the mixture after filtering. 

When a hypochlorite acts upon an organic substance con- 
taining the = NH group, the first reaction consists in the 
replacement of hydrogen by chlorine and the formation of 
substances of the group known as chloramines, thus : 

+ HCIO =g 1 >NCl -f H.O 

This = NCI group is strongly antiseptic. 

The chloramines themselves have therefore been introduced 
as antiseptics. The best known is chlor amine-T , which is 
benzene-sodium-sulphochloramide (C 6 H 5 S0 2 NaNCl). 

Other Inorganic Substances. — Solutions of salts of mercury 
exercise a powerful disinfectant action in proportion to the 
amount of dissolved metal which they contain. The most 
commonly used is the perchloride (corrosive sublimate). 
Apart from its extremely poisonous character, it has the 
disadvantage of forming with albuminoid substances both 
insoluble and soluble compounds of little or no germicidal 
value, it is converted by sulphuretted hydrogen into the in- 
soluble and inert sulphide, and it acts on some metals. The 
addition of acids or salts ( e.g ., hydrochloric or tartaric acid or 
sodium or ammonium chloride) prevents or largely reduces the 
formation of insoluble compounds ; but it does not prevent 
the reactions resulting in soluble substances, it may reduce 
the germicidal power, and the action of perchloride m the 
presence of albuminoids is therefore very variable. The 
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reduction in germicidal power by addition of sodium chloride 
is well seen from the following results (Findlay, loo. at.) . 

Humber of colonies 

10 litres of solution contained developing after treat- 

ment for six minutes 

1 mole HgCh 8 

1 „ HgCl^ + 1 mole NaCl . . 32 

1 „ HgCl a + 2 moles NaCl ... 124 

1 „ HgCl 2 + 4 „ NaCl . . . 382 

1 „ HgCl 2 + 10 „ NaCl .... 1,087 

The salt yields chlorine ions which diminish the ionisation of 
the mercuric salt. Extremely high values were at one time 
given for the germicidal efficiency of corrosive sublimate. 
This is now known to have been due to its powerful inhibitory 
action, traces of the substance carried over into the subcultures 
preventing growth (see p. 620). 

The Local Government Board recommended the following 
solution of corrosive sublimate for disinfecting purposes : — 

Corrosive sublimate . . . \ oz. 

Hydrochloric acid . . . . 1 oz. fl. 

Aniliii blue . . . - .5 grains 

Water ..... 3 gals. 

This forms a solution of 1—900 nearly ; it would be preferable to 
use 1 oz. of corrosive sublimate. 

Biniodide of mercury is reputed to be a powerful disinfectant 
when dissolved in potassium iodide, but Bulloch considers 
it much over-rated. It is not affected by albuminoids nearly 
as much as is perchlonde, and may be incorporated with soap. 

Soluble silver salts are powerful disinfectants, weaker than 
mercuric chloride, but far less sensitive to albuminoids ; in 
blood-serum, for instance, silver nitrate is several times as 
powerful as corrosive sublimate. They are incompatible with 
chlorides, except in certain organic combinations, from which 
silver chloride is only partially precipitated. Silver salts are 
poisonous, though less so than those of mercury. 

Iron and zinc salts have been credited with useful dis- 
infectant action ; but, in fact, their value is very small, and 
no practical account need be taken of them. A very strong 
antiseptic power has been attributed to copper salts, which, 
according to some experiments, exercise a sufficient disinfectant 
action on sporeless organisms, such as the B. typhosus , to 
enable drinking water to he sterilised from such infections by 
the small quantity of copper which it dissolves from a copper 
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vessel (p. 577). Copper salts are active against algae and fungi 
and are extensively employed as fungicides for plant diseases. 

The permanganates have considerable germicidal power 
when in strongly acid or alkaline solution, but the readiness 
with which they are affected by organic substances makes 
them unsuitable for practical use. Peroxides and ozone are 
open to the same objection, and have less disinfectant power. 
Hydrogen peroxide is much used in surgery, also in the Budde 
process for sterilising milk (p. 590), and ozone has been practi- 
cally applied in the sterilisation of water-supplies (p. 577), and 
attempts have been made to utilise it for the disinfection of 
wounds. Acetozone also slowly liberates ozone. 

Organic Substances. — The methane and the aromatic series 
furnish the disinfectants which are most important m practice. 

Alcohol itself possesses some disinfectant power fox sporeless 
organisms, hut only when absolute or in very strong solution. 

Formaldehyde is by far the most important of the methane 
group. It can be applied either as a solution (formalin) or as 
gas. The gas can be produced by the incomplete combustion 
or oxidation of methyl alcohol, by the evaporation, with or 
without pressure, or spraying, of formalin, either alone or 
mixed with calcium chloride or glycerin, by the depolymerisa- 
tion by heat of the solid polymer paraformaldehyde, or by 
mixing this substance with potassium permanganate. Many 
forms of apparatus have been designed for the production of 
formaldehyde gas for disinfection. In any form the gas seems 
to give little more than superficial disinfection, and to require 
precautions to ensure diffusion throughout the atmosphere of 
a room. The conditions desirable for disinfection by form- 
aldehyde gas are saturation of the air with moisture, main- 
tenance of a good room temperature, sealing of the room, the 
use of at least 60 grm. of formaldehyde per 1,000 cubic feet 
(preferably more, up to 120 grm.), and in the case of large 
rooms mixture of the gas with the air of the room, either 
mechanically or by the provision of a multiplicity of inlets fox 
the gas into the atmosphere. By the use of a vacuum form- 
aldehyde can he evaporated in a closed chamber at tempera- 
tures indifferent to many substances which will not stand 
steam at 100°, and considerable penetration can be obtained 
(Defries process). As a spray, formalin can be used in any 
ordinary apparatus. Formaldehyde acts slowly, for tested by 
the Bideal-Walker method, the time limit of which is fifteen 
minutes, the carbolic coefficient of formalin is only about 0*7 
for the B. typhosus. Yet 2 per cent, formalin kills anthrax 
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spores In two or three days, and gaseous formaldehyde is 
similarly active ; it is used for the disinfection of anthrax- 
infected wool (p. 239) and horse-hair. 

Bacterol is a proprietary formalin- containing disinfectant. 
The vaporising form vaporised in the special bacterol cabinet 
Is extremely efficient for the destruction of both bacteria and 
vermin, and it has no deleterious action on any articles. 

Of the aromatic series, the number of substances and pre- 
parations is extraordinarily large. The best known is phenol 
(carbolic acid). Its saturated solution contains about 9 per 
cent. It is only slightly affected by albuminoids, and generally 
is stable in the presence of organic matter at ordinary tempera- 
tures. Its compounds, when it forms any, have themselves 
some disinfectant action. With acids this action is usually 
greater than that of pure phenol, with alkalies less. Light 
tends to decompose it, but the efficiency is not affected. It is 
poisonous and caustic. Its chief use is as a standard, as its 
disinfectant value is comparatively low, and for spore-bearing 
organisms it is practically useless. Like the cresols, its efficiency 
is greatly increased by the addition up to saturation of common 
salt or hydrochloric acid. The following results well demon- 
strate the increased germicidal power of phenol by additions 
of sodium chloride (Pindlay, loc. czt.) . 

Anthuxx spores treated 
Number ot colonies developing 
Solution. after ti eat meat (da'th) 

0X37 

3 per cent, phenol .... 6,300 1,390 1,260 950 

3 „ „ -f- 1 per cent. NaCl 5,720 1,450 1,320 360 

3 „ ,,4-8 per cent. NaCl 1,940 150 50 0 

Probably the addition of salt alters the distribution of the 
phenol between the water and the cells, the salt increasing 
the concentration of the phenol in the bacterial cells. 

“ Crude carbolic acid 53 consists mainly of cresols and higher 
phenols in proportions largely dependent on the source of the 
tar from which they are prepared ; phenol is nearly absent 
from it. By themselves the cresols are extremely insoluble in 
water ; in oil or alcohol they have little or no disinfectant 
value. Cresols are much reduced in efficiency by albuminoids. 
In saturated salt solution the disinfectant value of crude 
carbolic acid is greatly increased. 

Ordinarily neutral tar oils with no appreciable disinfectant 
value are left in, or mixed with, tar distillate, and the saponified 
product produces an emulsion with water. Innumerable 
products of this type are fnade. Their efficiency varies not 
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only with their active ingredients, but also with the character 
of the emulsions which they form, from about the same as 
that of phenol to about three times as much. Commercially 
they are known as soluble carbolic acid* soluble creosote, etc. 
Creolin is a type of numerous preparations of the same 
character. They are all poisonous and sensitive to albuminoids. 
If naphthalene is present m excess it is deposited in cold 
weather on standing. Lysol is mainly a solution of the cresols 


Carbolic Acid Coefficients obtained by the Rideal-Walker 
Method * (p. 620). 


Disinfectant 

Observer 

Organism 

< 'arbnln At id 
t’Ofltu n nt 
(tarboln at id 

I 

Absolute alcohol 

Fow ler 

B. typhosus 

1 

o 03 ; 

Boric acid 

Walker 

0 (V) | 

Chmosol 

Fowler 


U 13 

Chloros 

Chloros (with 50 per cent 

- 

- 

2i-» J 

urine) 

Walker 

* , 

SO 

Copper sulphate 


, % 

0 04 - 

Cyllm* 

Fow lor 

j , 

1 to 

Cyllm (with 50 per oeni urine) 

,, 


no 

Gyllm 

Klein 

M. py of puts 
JJ pest is 

0 3 j 

Cyllm . 

Simpson and 
Hewlett 

34 < » 

Formalin 

Fowler 

B typhosus 

o 7 1 

Hydrochloric acid 

Walkei 

11 ° j 

T7al * 

Fowler 

! , , 

11 0 | 

Kerol * 

, 


12 u ; 

Kerol (with 50 per c^nt urine) 

,, 

,, 

S 5 | 

Little’s phenyle 

,, 


2 0 1 

Lysol 

,, 

.. 

2 3 ; 

Mercuric chloiide 

,, 


1,000 0 

Mercunc chloride . 

Walker 

,, 

•400 0 

Potass, permanganate 

Potass, permanganate (with 3 

Fow ler 


42 O * 

per cent, organic matter) 

Walker 

.. 

1 0 1 

Zmc chloride . . ; 

i 



0 15 { 

1 


* The germicidal efficiency of these substances has been increased since 
the date of the experiments recorded, and they now have a carbolic -acid 
coefficient of from 15 to 20—22. 


in fat or linseed oil, saponified, with addition of alcohol. It 
gives a clear solution with water, having slightly less efficiency 
on naked bacteria than cresol, much superior solvency for 
grease, and equal sensitiveness to albuminoids. A number of 

* Fowler, Journ. Roy. Army Med . Corps, July, 1907 
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proprietary disinfectants of liigli germicidal power are now 
to be obtained. Such are Cook’s cofectant, cyllin, McDougall’s 
M.O.H. fluid, izal, kerol, etc. The active agents appear to be 
oxidised hydrocarbons without phenol and cresol, in emulsion 
in glue, soaps, oils, etc., and they are comparatively non-toxic. 
The active principle of cyllin is an oxidised hydrocarbon, 
having a diphenyl nucleus in place of the single phenyl present 
in carbolic acid ; it is insoluble in water, hence for the purpose 
of even distribution in water it is emulsified with a neutral 
hydrocarbon oil. The finished product contains 50 per cent, 
of the active principle, and is free from carbolic acid and its 
homologues. The active principle of kerol consists of oxidised 
hydrocarbons with a diphenyl nucleus, and it contains no 
phenol or cresol. The germicidal efficiency, expressed as the 
carbolic-acid coefficient (p. 621), of a number of substances is 
given in the table on p. 617. 

Some of the amlui dyes have been claimed to be powerfully 
antiseptic. Of these the best known are brilliant green, mala- 
chite green, crystal violet and flavine. Browning and co- 
workers * state that these have the following germicidal 
potency on the M. 'pyogenes aureus and B. coll : 



ameus 

B colt. 


i 

In 07% 

, Pep Water 

In Serum 

In 0 7 % 
Pep Watei 

In Serum 

Brilliant Gieen Sul- 
phate 

! 1:10x106 

1 : 30,000 

1 : 130,000 

1 . 3,500 

Brilliant Green Oxa- 
! late 

1:10X10* 

1 : 100,000 

1 . 200,000 

1 : 3,500 

- Malachite Green, Oxa- 
late and Sulphate 

i 1 : 10 X 10 6 

1 : 40,000 

1 : 20,000 

1 : 1,000 

! Crystal Violet . 

il. 4x10* 

1 : 400,000 

1 : S,000 

1 : 8,000 

Flavine . 

, i * 20,000 

1 200,000 

1 : 1,300 

1 : 100,000 


It will be seen that flavine is the only one of these which is 
more active in serum, and it does not inhibit phagocytosis 
until a concentration of 1 : 500 is attained. On these grounds 
its use has been strongly urged for surgical practice. Brown- 
ing's results with flavine have, however, been criticised by 
Fleming and by Hewlett ; moreover, its action is exerted 
extremely slowly. 

Chloroform is a powerful antiseptic, but at least 1 per cent. 

* Brit. Med. Journ 1917, vol. i., p. 73. 
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must be present to act as a germicide ; it is costly, and not 
muck used as a practical disinfectant, but m bacteriological 
and physiological chemistry is a useful antiseptic for pre- 
serving solutions which putrefy easily. 

Iodoform is valuable for dusting wounds, though its pene- 
trating odour is objectionable, and has led to the introduction 
of many substitutes. Its value as an antiseptic has been 
greatly discussed ; micro-organisms will develop in nutrient 
media containing a considerable proportion, but probably 
when in contact with living cells a decomposition is effected, 
free iodine being liberated, hence its value. A paste, known 
as composed of iodoform, bismuth subnitrate and liquid 

paraffin, has been used in the treatment of wounds. 

The essential oils, peppermint, mustard , cloves, thymol, and 
menthol, are powerfully antiseptic. 

Disinfectant powders at best exert but a superficial action. 
They act chiefly as deodorants, but may be useful in preventing 
the breeding of flies in garbage, etc. 

It is useless to add a small quantity ol disinfectant to a large 
volume of fluid or solid ; the disinfectant must be added in 
sufficient amount so that the mixture contains the minimum 
percentage which has been found by experiment to be efficient. 
For this reason the attempt to disinfect sewers, sewage, stieet*. 
etc., by relatively small quantities of disinfectants is useless, 
and the money so wasted would be far better employed m pro- 
viding more water for flushing purposes. 

In medical practice, while antiseptics can be applied locally 
with success and, to some extent, for disinfecting the alimentary 
tract, no substance has yet been discovered which can be ad- 
ministered with safety to such a degree as to saturate the body, 
and so exert a general germicidal action in bacterial infective 
diseases. Salvarsan, perhaps, to some extent possesses this 
power and has been used with success in certain general infections, 
e.g., anthrax. Protozoa are attacked selectively by many sub- 
stances, e.g., the malaria parasite by quinine, spiroehaetes by 
salvarsan, trypanosomes by atoxyl, trypan red, etc., JPiroplasma 
canis by methylene-blue, etc. 

There has been some controversy between the advocates of 
Cw antiseptic ” and of “aseptic” surgery. Undoubtedly anti- 
septics do diminish the vitality and therefore the reparative 
power of the tissues, and aseptic methods should so far as possible 
replace antiseptic ones. But the aseptic system requires more 
care to ensure success than the antiseptic one, and unless the 
assistants can be trusted, and the details rigorously carried out, 
the latter is to be preferred. 
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With regard to septic wounds Wright maintained that no anti- 
septic can be applied to a wound in sufficient concentration to 
destroy micro-organisms without causing inhibition of phagocy- 
tosis and other natural defensive mechanisms, and that antiseptics 
therefore do more harm than good. To increase the flow of 
germicidal lymph he recommended salt packs and hypertonic salt 
solution. On the other hand, Carrel flushed out the wound every 
two hours with Dakin’s hypochlorite solution hy an arrangement 
of tubes maintained in position and claimed this to be the most 
satisfactory treatment. 

The Determination of the G-ermicidal Power. 

For determining germicidal power on sporing organisms 
anthrax spores are generally nsed ; on non-s|.)oring organisms, 
cultures of the JB. typhosus are usually employed. 

(1) Thread Method. — Sterilised silk threads are impregnated 
with sporing and non-sporing organisms, lightly dried, and then 
exposed to the action of the antiseptic solution of a known strength 
for a given time. After treatment the threads are thoroughly 
washed with distilled water to remove the antiseptic, and sown 
on the surface of agar or other suitable culture medium. If no 
growth occurs the organisms are assumed to have been destroyed. 
As a matter of fact, however, it is extremely difficult to get rid of 
the last traces of the antiseptic, which may inhibit growth although 
the organisms may yet he alive, a fallacy which caused an exag- 
gerated value to be assigned to many substances — for example, 
corrosive sublimate. If pathogenic organisms be the subject of 
experiment, the threads may be inoculated into a susceptible 
animal. The author finds that in disinfection experiments with 
anthrax spores, agar is a much better medium than broth. 

In experiments with corrosive sublimate } by whatever method , the 
last traces oj this substance must be converted into the inert sulph%de 
by treatment with hydrogen or ammonium sulphide. 

(2) Garnet Method . — Small garnets the size of a pea are sterilised, 
soaked in a suspension or a broth culture of the organism, removed 
and dried. The garnets with the organisms attached are then 
soaked in solutions of the disinfectant of known strengths for 
various periods of time ; they are then removed from the solution, 
well washed with sterile water, and finally placed in tubes of 
broth. 

(3) Mideal-W allcer or Drop-method. — Moor first suggested that 
the germicidal efficiency of a disinfectant might be compared 
with that of a standard solution of carbolic acid, which has a 
definite composition, is stable, and can be accurately standardised, 
and hideal and Walker devised an ingenious and simple method 
for carrying this out. A special test-tube rack is very convenient 
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(Fig. 63), in which, the lower tier has five holes which hold three 
or four tubes containing the solutions of decreasing strengths of 
the disinfectant to be tested, and two tubes or one tube con- 
taining standard carbolic acid solution of known strength for 
comparison. The upper tier has thirty holes in two rows spaced 
into six sets of five holes each. These hold tubes of sterile nutrient 
broth which are numbered from 1 to 30. The test is usually made 
with a broth culture of B . typhosus , but other organisms may be 
employed. The process is as follows : The five tubes m the lower 
tier each contain 5 c.c. of the disinfectant and carbolic solutions. 
Into each in succession, at intervals of half a minute, 0*2 c.c. of 
the typhoid broth culture is added with a pipette. Halt a minute 
after the last tube has been inseminated, a loopful is taken from 



Fig. 63. — Test-tube rack with test-tubes arranged for the Rideal- 
Walker method of testing disinfectants. 


the first tube and inseminated into the first broth tube, and this 
process is repeated at half-minute intervals until all the broth 
tubes have heen inoculated. The inoculated broth tubes are then 
incubated at 37° C. for three days, and the occurrence or not of 
growth is taken as indicating the killing or non-killing of the 
organism respectively. It will be seen that the first set of five 
broth tubes inoculated are subcultures in which the organism has 
been acted upon by the disinfectant and carbolic solutions for 
two and a half minutes, the second set for five minutes, and so on. 
The results (taken from an actual test) may be charted as shown 
on page 622. 

From this it will be seen that the disinfectant X in a solution 
of 1 in 1,600 kills in the same time (ten minutes) as carbolic 
acid 1 in 100. This result is expressed as a coefficient obtained 
by dividing the strength of disinfectant by the strength of carbolic 
which kills each in the same time ; in the present instance the 
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coefficient is ~V‘ 0 'V/ L = 16 0, and this figure is known as the “ car- 
bolic acid coefficient/' 

If nothing is known concerning the germicidal strength of the 
disinfectant, some preliminary experiments should he performed 
with dilutions at wide intervals as regards strength ( e.g 1—100, 
1—500, 1—1,000, 1—1,500, 1—2,000, etc.), and when the limit has thus 
been approximately ascertained, the test is performed as above. 

Precautions to be taken in carrying oui the Test . — (a) The culture 
should he a broth one about twenty-four hours old. Immediately 
before use, it is shaken and then allowed to stand for half an hour 
to deposit clumps. The culture is added by means of a small 
graduated pipette or by means of a standardised dropping pipette. 
Four drops of culture added with a pipette the point of which is 


P. typhosus , 24^-Jiour broth culture at 37° C\ 
Room-temperature 60° F. 




Time culture exposed to action 

Subcultures 



of disinfectant (in minutes) 



Disinfectant 

dilution 

I 






i 








Period of 

Tempera- ! 



! 2 > 

5 , 7 \ 

1 

10 

12} 

15 

Incubation 

tuie 

X 

1-1,400 

: + 

1 

* • * 

* 

H. 

* 

3 days 

37° C. 

X 

1-1,500 

; + 

1 * 

* 

* 

* 



X 

1-1,600 

i 4“ 

+ + 

* 

* 

* 


1 

X 

i 1-1,700 


+ 1 + 

! ~\~ 

* 

* 


1 

Carbolic 

| 1-100 

1 + 

+ + 

i * 

i 

* 

* 

! 

1 


4- = growth in the subcultures. * = no growth in the subcultures. 


No. 27, Stubbs Wire gauge, are equivalent to 0*2 c.c. Pideal and 
Walker now add 0*5 c.c. of culture to 5 c.c. of solution. 

( b ) The carbolic acid (the crystals of which should have a 
melting-point of not less than 40*5° C.) should he kept in the form 
of a 5 per cent, aqueous solution standardised by the bromine 
method. At 17 c — 18° C. the strength of the carbolic control should 
he between 1-90 and 1-110. 

(c) All measures , pipettes, and test-tubes used for making dilutions 
should be sterile. 

(d) The dilutions of the disinfectant and carbolic should be 
made with sterile distilled water. 

(e) The broth used for culturing and sub culturing should have 
the following composition : 

Lemco ....... 20 grm. 

Peptone ....... 20 grm. 

Salt. . ..... 10 grm. 

Water ...... 1,000 c.c. 

The medium should he standardised to a reaction of + 10. 
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(f) The loop used for subeulturing should have au internal 
diameter of 3 mm. and be made with, platinum wire of 27—28 
B.W.Gf. (a 4z mm. loop is now recommended) 

(g) Growths in the subcultures should be obtained in those 
taken at not less than two and preferably at three of the time inter- 
vals (two and a half, five, and seven and a half minutes) from both 
the disinfectant and the carbolic solutions which correspond. 

(h) The temperature at which the determination is made should 
be noted, and the strength of carbolic varied accordingly f e.g., 
1-100 for 56°— 62° F., 1-110 for 62°-67° F., and 1-120 for 67 c ~73 c F. 
for JB . typhosus ), or the determination may he made at a standard 
temperature {e.g., 20° C.) by warming (or cooling) the disinfectant 
and carbolic tubes in a water-bath. 

( i ) When the organism does not form a uniform culture in 
broth, a suspension of ail agar or other culture must be made in 
water and filtered. Subculturing in some cases (e.g., with B. 
pestis and JB. anthracis) must be made on agar or other suitable 
culture medium. 

The method is an admirable one for determining the relative 
efficiencies of disinfectants on naJcecl organisms in the absence of 
organic matter. But in practice disinfection is almost always 
carried out in the presence of organic matter, and various sugges- 
tions have been made with a a lew of introducing this factor into 
the test, for the presence of organic matter may reduce the 
carbolic-acid coefficient of many disinfectants (see x>P 610, 615, 
and table, p. 617) Among the substances suggested are urine, 
faeces, 2 per cent, suspension of dried and steiihsed taxes (Martin 
and Chick), rice starch, and milk. Kenwood and Hewlett found 
that the presence of urine or faxes reduced the carbolic acid 
coefficient of some proprietary disinfectants to a greater relative 
extent than that of carbolic. 

The method is also sometimes somewhat erratic 4 in practices 
and a number of determinations may be needed before the 
strengths of disinfectant and carbolic which coincide are found. 
Occasionally also two strains of B. typhosus may differ widely as 
regards the germicidal action of the disinfectant on them, while 
they are practically identical as regards the germicidal action 
of the carbolic. 

The Bideal-Walker method is particularly applicable to the 
coal-tar disinfectants which act rapidly and are used for sanitary 
disinfection. It is unsuitable for the determination of the germi- 
cidal value of the more slowly acting disinfectants, unless modified 
so as to increase the total time of medication and the time- intervals 
between the subcultures. The conditions of the test also render 
it unsuitable for the determination of the germicidal value of 
disinfectants which are to be used in the treatment of wounds 
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where there is much organic matter and the temperature approxi- 
mates to 37° C. For the latter Emery’s method may he applied 
(Xo. 6 below). 

Woodhead and Ponder proposed a modification of the method. 
In this, B. coh is used as the test-organism and bile-salt peptone 
water as the culture medium, a platinum spoon being used for 
culturing, and more cultures at shorter intervals are made over 
a period of half an hour. 

(4) Volatile disinfectants may be tested by moistening the 
wool plug of an agar tube, inoculating the agar, and capping 
with a rubber cap, and observing whether any growth occurs. 

(5) Volatile disinfectants may also be tested by exposing 
silk threads, pieces of paper or fabrics, splinters of wood, etc., 
impregnated wnth organisms, some free, others done up in packets 
of cotton-wool, in a room or chamber of known cubic capacity, 
to the action of the gas, a known amount of which is present in 
the chamber. After exposure for a given time, the threads are 
sown in broth or agar tubes, and the tubes incubated. 

(6) Bmeiy's Method . — “ he -constituted blood is first prepared 
by mixing equal volumes of blood-serum and well-washed blood 


Antiseptic 

Fifteen Minutes 

Sixty Minutes 

Does not 
Kill * 

Kills 

Does not 
Kill * 

Kills 

Carbolic acid 

1 m 70 

1 m 60 

1 m 60 

1 m 50 

Eusol . 

Undiluted 

Inert 

Undiluted 

Inert 

Dakm . 

Undiluted 

Inert 

Undiluted 

Inert 

Perchloride . 

1 m 100 

1 in 80 

1 m 100 

1 in 80 

Bimodide . * . 

1 1 in 60 

1 ill 40 

1 m 60 

1 m 40 

Iodine . 

1 in 100 

9 

1 m 100 

? 

lysol . 

, 1 in 40 

1 m 30 

1 in 150 

1 in 120 

Malachite Green . 

J 1 in 250 

1 m 200 

1 m 250 

1 m 200 


* Causes diminution in number of organisms but does not kill all of them. 


corpuscles (both obtained aseptically). Nine parts of this re- 
constituted blood are mixed with one part of an eighteen-hour- 
old broth culture of the Strep, fcecalis , which is chosen as the test- 
organism, though ether organisms may he substituted. One 
volume of this infected blood is then taken in a Wright’s pipette, 
having a unit mark about 2 in. from the end, and one volume of 
the antiseptic solution, the two are well mixed and then half the 
total is sucked up into the same pipette and the other half into a 
second pipette. The two pipettes are sealed at the point in the flame 
and incubated at 37° C. in an opsonic incubator or in a water- 
bath. At the end of fifteen minutes a loopful of the contents of 
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one pipette is spread over as wide an area as possible on tlie 
surface of an agar plate. Tlie second pipette is treated in tlie same 
way at tbe end of an liour. The plates are incubated for twenty - 
lour hours, and the results noted. 

The table on the previous page illustrates the results obtained 
by Emery by this method. 

On the Rideal- Walker method, etc., see Apjjt oued Technique 
of the RtdeaUValLer Test, Rideal and Walker (Lewis, 1921) ; 
Kenwood and Hewlett, Journ. Sanitary Inst., vol. ssm, 190(3, 
Xi. 1 ; Eirth and Macfadyen, ibid , p. 17 ; Kenwood, Rublic Health , 
1908 ; Fowler, Journ . Roy. Army Med . Corps, July, 1907 ; Part- 
ridge, Bacteriological Examinatxon of Disinfectants ; Woodhead 
and Ponder, Lancet, 1909, vol. li. ; Emery, Lancet , vol. i., 1916, 
p. 817 ; "Watson Cheyne, Lancet, vol. i., 1915, February 27. On 
the disinfectant action of dyes, see Graham- Smith, Journ. of 
Hygiene , vol. xvin., 1919—20, p. 1, and Browning and Gulhransen, 
Ibid., p. 33. 


M.B. 
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APPENDIX. 


TO CLEAN MERCURY. 

If only dusty, the mercury should be filtered by pressing 
it through two or three thicknesses of fine linen, or, better, 
wash-leather. If oxides are present, the mercury, should be 
stirred into strong nitric acid, then washed very thoroughly in 
water, dried with filter paper and by warming, and finally filtered. 


METRIC WEIGHTS AND MEASURES AND THEIR 
ENGLISH EQUIVALENTS. 


If* (micron) 

1 millimetre 
25 millimetres 
1 centimetre 
2-5 centimetres 
1 gramme 
4 grammes 
28 grammes 
1 kilogramme 
0-5 kilogramme 
1 cubic centimetre 
3^ cubic centimetres 
28 cubic centimetres 
568 cubic centimetres 
I litre 


= 0-001 millimetre G^ihio inch, nearly). 
— 0*04 (^) inch. 

= 1 inch. 

= 0*39 inch. 

= 1 inch. 

= 15J (15-432) grains. 

= 1 drachm (apothecaries’), nearly. 

= 1 ounce (avoirdupois), nearly. 

= 2-2 pounds (avoirdupois). 

= 1 pound (avoirdupois), nearly. 

= 16 minims, nearly (16*23 minims). 

= 1 fluid drachm, nearly. 

= 1 fluid ounce, nearly. 

= 1 pint (^ litre). 

= If pints, or 35 fluid ounces, nearly. 


SOLUBILITIES. 

Amount of Substance contained in 10 c.c. of a 
Saturated Solution. 


Alcoholic solution of methylene blue 
Aqueous solution of methylene blue 
Alcoholic solution of gentian violet 
Aqueous solution of gentian violet 
Alcoholic solution of|fuchsin 
Aqueous solution of fuchsin 
Aqueous solution of corrosive sublimate 


0*068 grm. 
0-646 grm. 
0-442 grm. 
0-175 grm. 
0-292 grm. 
0*066 grm. 
0*507 grm. 
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STEAM TEMPERATURE-PRESSURE. 

.Pounds per 



Mm. ot Hg 

sq m 

Absolute fre^ure 

At iuo- 
blih^reh, 

100° c. 

760 

14*7 

1*00 

105° C. 

906*4 

17 5 

1-19 

110° C. 

. 1075-3 

20*8 

1-41 

115° C. 

. 1269*4 

24*5 

1-67 

120° C. 

. 1491*2 

28*8 

1-96 

125° C. 

. 1743*8 

33-7 

2-29 


PERCENTAGE DILUTIONS, ETC. 

(a) Tlie amount of diluting fluid which it is necessary to add 
to 1 volume of fluid of percentage N m order to prepare a fluid 

of percentage X is — — 1. 

( b ) To prepare a specified volume Z of a X per cent, solution 

Z X 

from an X per cent, solution, take of tlie latter ^ volume 

and make up to Z volume with diluting fluid. 

(e) To prepare a specified volume Z of a ^ dilution from a 

1 Z x X 

dilution, take of the latter ~y~~ and make up to 

Z volume witli diluting fluid. 

(B. Blackjlock, Lancet, 1921, Yol. I., p. 377.) 


THOMA-ZEISS HZEMOCYTOMETER. 

The cell of the Thoma-Zeiss heemocytometer is mm. deeji. 
and the side of the ruled squares is ^ mm. The cubic content 
contained within each square is therefore 5I * oXr cub. mm. 

To ascertain the area of the microscopic field m squares, focus 
the ruling with the objective to he used. By withdrawing the 
draw-tube, a point is reached at which the diameter of the 
field just corresponds with a certain number of squares, pre- 
ferably an even number (generally six or eight). With the draw- 
tube at this point, the area of the field in terms of squares will be 
^diameter (m squares) y x 22 Tlm ^ jf thft diameter of tho 

field corresponded with eight squares, the area of the field will he 
, q x 2 09 22 

(2) X I = 16 X 7“ = Approximately. 


40—2 ' 
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The principle reference to a subject is given in italic figures. 


Aberration, 115 
Abio genesis, 3 
Abortion, contagious, 552 
Abscesses, amoebic, 449, 450 

— intramuscular, 271 

— multiple, 205 

— typhoidal, 314 
Absorption, agglutinin, 168 
Aceladiosis, 440 
Achalme’s bacillus, 547 
Achorion schoenleimi , 444 
Acid-fast organisms, 277 

— in milk, etc., 309 
Acids, 610 

Acne, 199, 206, 207, 548 
Actinobacillus, 419 
Actinomycosis, 417 

— clinical examination, 421 

— human, 420 
Adjustment, optical, 119 
Adsorption, 147 
Aerobic organisms, 19 

Agar, 53 See Culture media. 
Agglutination, 168, 175 

— acid, 173 

— cross, 169 

— standard, 174 

— Weil-Felix, 531 
Agglutinoid, 172 
Agglutinometer, 177 
Aggressins, 161 

Air, bacteriology of, 580 

— examination of, 582 

— of sewers, 586 

Air -passages, organisms of, 553 
Air-pump, 36 
Alcohol, absolute, 92 

— acid, 82 

— formation of, 28, 345. 431, 438 

— for fixing, 92 

- — and ether for fixing, 84 

— as an antiseptic, 320, 615 

— methylated, 92 
Alexins, 156, 187, 189 
Algse, 5 

— destruction of, 577 


Algse in water, 579 
Alkalies, 611 
Allergy, 154 

Alum for purifying \\ ater, 558 

— method for typhoid, 574 
Amboceptor, 156, 157 
Amoeba, 448 

— - intestinal, 448—452 

— of mouth, 452, 547 

— of soil, 28 
Amoeba hmav, 452 
Ammonia, production of, 22, 25 
Anaerobic cultures, 63, 72 

— organisms, 19, 381 
Anaphylaxis, 149 
Andrade's indicator. 59 
Angina, Vincent’s, 267 

| Amlin dyes as disinfectants, 618 
I — - gentian violet, 86 

Animals, dissection of, 1< )4 

— inoculation of, 103 
Anophelmse, 503 
Anthrax. 232 

— diagnosis of. 240 

— serum for, 240 

— symptomatic, 400 

— vaccine, 240 
Anti-bodies, 135 

Anti -endo toxic sera, 34, 158 
Anti-ferments, ISO 
Antigen, 135, 166, 473, 478 

— preparation of, 166 
j — titration of, 167 

Antisepsis, 619 
Antiseptics, 606 
Anti-sera, 155 
Anti-serum, anthrax, 240 

— cancer, 164, 539 

— cholera, 409 

— colon, 346 

— dysentery, 339 

— gonoeoccie, 228 

— hydrophobia, 520 

; — meningococcie, 223 
i — plague, 360 
, — pneumonia, 371 
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Anti-serum, poliomyelitis, 522 

— polyvalent, 157 

— streptococcus, 214 

— tubercle, 294 

— typhoid, 321 

• — vaccinia, 534 
Antitoxic constituent, 144 

— treatment, 143, 257 
Antitoxin, botulismus, 400, 599 

— diphtheria, 252 

— dysentery, 339 

— tetanus, 388 
Antitoxins, 136 

— m normal blood, 135, 137, 258 
Anti-venm, 145 

Aperture, angle of, 112 

— numerical, 112 
Appendicitis. 540 
Archebiosis, 3 
Area of dish, 582 

— of microscopic field, 602 
Arthritis deformans, 548 

— gonorrhoeal, 228 

— pneumococcal, 371 

— rheumatic, 547 
Arthropods, 131 
Arthus phenomenon, 151 
Ascococcus, 13 
Ascococcus eqm n 209 
Ascomycetes, 436 
Ascospores of pemeillium, 439 

— of yeast, 427, 432 

— of yeast, staining, 435 
Asepsis, 619 

Asiatic cholera, 402 
Aspergillus bouffardi. 425 
• — fumigatus, 439 

— glaucus , 439 

— mger , 439 
Atrepsy, 192 
Autoclave, 44 
Azotobacter, 27 


Babesia, 511 

Bacilli, capsulated, 237, 347. 372 
Bacillus, definition of, 12, 13, 18 

— abortus , 552 

— acidi lactici, 347 , 589 

— acidophilus, 541, 554 

— acnes, 549 

— actinomyceiu m , 421 

— aerofetidus, 398 

— aerogenes capsulatus, 392 

— aertrycke, 334 

— alvei, 514 

— amylobacter, 401 

— ana'erobiciis alkaligenes, 399 


Bacillus anthracis , 232 

— anthracis similis, 235 

— anthracoides , 235 

— aquatihs sulcatus, 576 

— archibaldi , 330 

— asiaiicus , 330 

— avisepticus . 364 

— bifidus , 554 

— botulinus, 399, 598 

— bronchisepttcus , 367, 542 

— buccahs, 425 

— bulgaricus , 545, 593 

— butyncus, 401 

— cadavens sporogenes , 390 

— caniculce , 542 

— capsulatus, 373 
homims , 237 

— chauvcei, 400 

— cholerce galhnarum, 364 

— cloaca ?, 347, 565, 586 
— - cochlear 7 us, 390 

— coli, 341 

commumor , 344, 346 

immobihs, 237, 347 

— columbensis, 330 

— coryzce, 268 

— diphthence, 243 

— — columbaium, 269 

— dysenteries, 337 

— ententidis, 334, 589, 599 

— ententidis sporogenes, 398 

— erysipelatos-suis, 365 

— ethaceticus, 21 

— fcecahs alkahgenes, 330, 576 

— fallax, 397 

— fetidus, 545 

— filamentosus, 586, 601 

— fluorescens hquefaciens, 25, 30, 

189, 216, 319, 563, 586, 601 

— fluorescens non hquefaciens, 563, 

601 

— fluorescens stercorans, 319 

— fragilis , 399 

— fusiformis, 15, 267 

— galhnarum,, 365 

— Hibler IX, 389 

— histolyticus, 397 

— hofmanni , 261 

— icteroides, 335, 467 

— infantilis, 554 

— influenzee, 376 

— khartoumensis, 330 

— lactis aerogenes, 31, 347, 554, 565, 

592 

— larvce, 514 

— lepree, , 305 

— mallei, 271 

— megatenum, 601 
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Bacillus niesentet icus, 25, 586, 601 

— ?nesentemcus, panis viscosi , 600 

— mist, 309 

— mucosus capsulatus , 237 

— niunsepticus, 365 

— mycoides, 25, 584, 586, 601 

— neapohtanus, 346 
— necrosis , 398 

— oedematiens, 396 

— cedematis malzgni , 395 

— of Achalme, 392, 547 

— of Danysz, 335 

— of Ducrey, 541 

— of Eriedlander, 372 

— of Gettings, 340 

— of Hofmann, 261 

— of Johne, 303 

— of Koch and Weeks, 541 

— of Massol, 593 

— of Morax and Axenfeld, 541 

— of Morgan, 336 

— Oppler-Boas, 545 

— paracoh, 328 

— par ady sentence, 339 

— paratyphosus , 328, 335 

— perfr ingens, 392 

— pertussis, 379 

— pestis, 355 

— pluton, 514 

— pneumoniae, 237, 366, 372 

— prodigiosus, 30, 215, 553, 579, 

581, 600, 601 

— pioteus, 22, 25, 312, 364, 395, 544, 

565, 584, 586, 599, 601 
X 19 , 531 

— pseudo -anthrac is, 235 

— pseudo -diphthei ice, 261 

— pseudo-tube? culosis, 303, 357, 358 

— psittacosis, 335 

— pulloruTn, 365 

— putnficus coli, 25, 390, 554 

— pyocyaneus, 30, 163, 215 , 366. 

520, 542, 543, 550, 586 

— pyogenes fetidus, 322 

— ramosus , 399 

— Bodella III , 389 

— segmentosus , 268 

— smegmatis, 308 

— sphenoides, 390 

— sporogenes, 398 

— subtihs , 10, 462, 586, 601 

— suicholerce , 334 

— suipestifer, 334—336 

— suisepticus , 365 

— sulcatus , 576 

— tertius, 389 

— tetani, 383 

— tetanomorphus , 390 


Bacillus, timothy grass, 309 
| — tuberculosis, 279 

— typhi murium , 335 

— typhosus , 312 

— vaginae, 555 

— violaceus, 30, 579 

— welchii, 392 , 556, 562, 566, 569, 

! 578, 586, 589, 595 

i — wesenbergi, 311 

i — 268 

Bacteria, action on artificial sugars. 

; 21 

— chromogenic, 30 

— classification of, 12 

— composition of, 7 

— conditions of life of, 18 

— influence of chemical agents on, 

20 

— influence of oxygen on, 19 

— influence of temperature on, 19 

— iron, 426 

I — nitrifying, 24 
| — nutrition of, 1 8 
| — purple, 30 
' — selective action of, 21 

j affinity of, 134 

I — structure of, 6 
| — thermophilic, 19, 584 
j — variation of, 10 

— vitality of buried, 585 
Bacteriaemia, 134 
Bacteriological diagnoses. See 

E XAMIN ATIOXS. 

Bacteriolysis, 155 
Bacteriophage, 127 
Bacteriotropmes, 195 
Bacterium, definition of, 12, 17 

— species of See Bacillus. 

— fetidum, 553 

— pneamosintes , 377 

— termo, 25, 601 
— - tularense , 364 

— whitman , 277 
Bacteroids, 27 

Bacterol, 105, 235, 239, 616 
Balantidium coli , 455 
Baroda process, 586 
Bartonella, 553 
j Basidia, 437 

Basidiomycetes, 436 
Bee diseases, 514 
Beer, 431 
Bell- jars, 37 
Benian’s method. 82 
Beri-Beri, 540 
Berkefeld filter, 37, 578 
Bird-pox, 192, 269, 535 
Bismarck brown, 77, 87, 265 
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Culture media ( contd . ) — 

Gelatin, 52 

— beer -wort, 54 

— carbol, 570 

— glucose, 54 
Hiss’s, 264 
Hydrocele fluid, 55 
Litmus, 58 
Malachite green, 575 
Milk, 54 

Neutral red, 570 
Nitric and nitrous, 26 
Nogouchi’s, 56 
Pasteur’s fluid, 56 
Peptone water, 52 

— bile-salt, 570 
— Dunham’s, 52 
Potato, 54, 380 

— glycerin, 280 
Sabouraud’s, 443 
Silica jelly, 26 
Standard, 48 
Usehmsky’s fluid, 56 
Whey, 593 

Cutaneous reaction, tuberculosis, 
302 

— syphilis, 471 

— typhoid, 327 
Cyclops, 558 
Cysts, iodine, 452 
Cystitis, 228, 312, 314, 346 
Cytases, 189 
Cytotoxins, 164 


Dakin's solution, 613 
Danysz effect, 146 

— rat virus, 335 

Dark -ground illumination, 120 
Dean’s bottle, 67 
Deneke’s vibrio, 414 
Dengue, 533 
Deodorants, 606 
Dermatitis, blastomycetic, 430 

— bullous, 216, 549 
Desiccation, influence of, 19, 606 
Deviation of complement, 159 

— test, 165 
Dhobie itch, 444 

Diagnosis, bacteriological or clinical. 

See Examinations. 

Diarrhoea of infants, 216, 336, 340, 
541 , 589 
Dick test, 528 
Dieniumoeba fragilis, 452 
Diffraction, 112 
Dilution method, 69 
Diphtheria, 243 


Diphtheria, associated organisms 
248 

— antitoxin, 252 

standardisation of, 253, 257 

nmt of, 257 

— diagnosis of, 246, 264 

— and milk, 250, 589 

— bacillus, 243 

fermentation reactions, 245 

263 

m ozsena, 545 

pathogenic action, 248 

persistence of, 246 

pseudo, 261 

toxins, 250 

varieties, 244 

— in lower animals, 250 

— membrane, 248 

— of calves, 269 

— of pigeons, 269 

— Schick test, 259 
Diphtheroid organisms, 243, 245, 

250, 260, 263, 268, 304, 306, 543, 
544, 596 

Diplococcus ciassus, 224 

— mtr acellular is meningitidis, 219 

— mucosus, 224 

— pneumomce, 367 

— rheumaticus, 214, 547 

— Still’s, 225 

Disease, production of, 131 
Disinfectants, 606 
Disinfection, 603 
Disinfectors, 604 
Dissection of animals, 104 
Disseminated sclerosis, 468 
Distemper, 542 
Dohle bodies, 527 
Dorset’s egg medium, 280 
Dourme, 461 
Drepanidium, 513 
Drop method, 40 
Ducrey’s bacillus, 541 
Dunham’s solution, 52 
Durham’s tubes, 57 
Dust m the air, 581 
Dysentery, 542 

— amoebic, 448 

— bacterial, 216, 337 

— flagellate, 456—458 

— infusorial, 455 

— para, 339 


Eczema, 549 
Effluents, sewage, 586 
Egg culture media, 52, 280 
Ehrlich reagent, 24 
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Ehrlich’s side -chain theory, 137 
Erhlich-Biondi stain, 442 
Ezmeria, 495, 497 

Electricity, effect of, on bacteria, 22 
Embedding, 93 
Empyema, 314, 371 
Encephalitis lethargica, 522 

— spontaneous, 524 
Encephalitozoon cumculi , 524 

— rabiei, 516 

Endamceba . See Entamceba. 
Endo’s fuchsm agar, 572 
Endocarditis, 203, 205, 206, 209, 
212, 213, 228, 371, 547 
Endol%max nana , 452 
Endotoxins, 32, 132 
Endotoxic sera, 34, 158 

— vaccines, 201 
Enrichment methods, 69, 573 
Entamoeba coh, 451 

— gxngivahs, 452, 547 

— histolytica , 448 

— undulans, 457 
Enteric fever, 312 
Ententidis group, 334 
Enteritis, fowl, 364, 413, 497 

— zymotic, 542 
Enterococcus, 213 
Enumeration of organisms, 69, 200, 

595 

Enzymes, 29 
Eosm, 77 

Eppinger’s streptothnx, 421 
Ergotism, 599 
Erysipelas, 213 
Erythrasma. 444 
Esmarch’s roll cultures, 72 
Euglena, 456 
Eusol, 613 
Evaporation, 36 

Examinations, Bacteriological, 
and Clinical Diagnoses — 
Actinomycosis, 421 
Agglutination, 175 

— standard, 174 
Air, 582 

Algae m water, 579 
Amoeba, 453 
Anthrax, 240 

Blastomycetes, pathogenic, 431 
Butter, 600 

Cerebro -spinal fever, 225 
Cheese, 600 
Cholera, 411 

— m water, 576 
Ciliated forms, 462 
Coccidial disease, 498 
Colon bacillus, 347, 564 


! Examinations, etc. ( contd .) — 
Complement fixation, 165 
Diphtheria, 264 

— m milk, 596 
Disinfectants, 620 
Dysentery, 340, 453 
Pieces, 330, 341, 411, 453 

! Filters, 579 

Flagellated forms, 462 
Glanders, 275 
Gonorrhoea, 228 
Haemolysis test, 164 
Hydrophobia, 520 
Hyphomyeetes, 441 
t Ice and ice creams, 577 
Influenza, 379 
Kala-azar, 464 
Leprosy, 307 
Malaria, 507 
Milk, 593 
[ Moulds, 441 

j Opsonic index, 197 

Paratyphoid fever, 329 
Pfeiffer’s reaction, 159 
Phagocytosis, 195 
I Plague, 363 

| Pneumonia, 374 

Piotozoa, intestinal, 453 
i — m water, 579 

j Babies, 520 

j Relapsing fever, 469 

! Ringworm, 444 

j Samna centric uh n 231 
| Septic diseases, 217 

] Sewage, 5S7 

| Shell-fish, 577 

Smegma bacillus, 301, 308 
! Soil, 585 

! Spironema pallidum , 475 

Suppuration, 217 
Syphilis, 475 
Tetanus, 389 
Thrush, 441 
Trypanosomes, 462 
Tuberculosis, 295 

— (milk), 595 

Typhoid bacillus in water, 572 

— fever, 323 

Urine, for tuberculosis, 301 

— for typhoid, 330 
Vincent’s angina, 267 
Wassermann reaction, 477 
Water, 561 

— pathogenic organisms, 572 
Watercress, 578 
Xerosis, 268 
Yeasts, 434 

— pathogenic, 431 
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Exhaustion theory, 192 
Eye-pieces, 115, 116, 124 


Fjeces, 554 
Farcin des bceufs, 419 
Farcy, 270, 440 
Fastness, 186 
Favus, 444 

Fermentable substances, 57 
Fermentation, 28, 431 

— acetic acid, 29 

— alcoholic, 28, 431 

• top and bottom, 432 

— butyric acid, 29, 401 

— intestinal, 554 

— lactic acid, 29 

— tube, 57 
Ferments, 28, 29 

— anti-, 180 
Fever, 134, 186 
Films, 79 

— blood, 83 
Filter beds, 557 

— candles, 37, 578 
Filters, domestic, 578 
Filtrable viruses, 126 
Filtration, 37, 53 

— as a disinfector, 606 

— sand, 557 

“ Finger and toe 91 disease, 454 
Finkler-Pnor vibrio, 414 
Fixation of complement test, 165 

— of films, 84 

— of tissnes, 92 
Flacherie, 514 
Flagella, 8 

— staining, 89 
Flaginac reaction, 344 
Flasks, yeast, 67 
Flavine, 618 

Fleas, 362 

Fleming 5 s media, 379 

Flies and disease, 320, 339, 354 

— preventing access of, 105, 619 

— tsetse, 461 

Flocculation tests, 257, 491 
Fontana’s method, 476 
Food poisoning, 31, 334, 597 
Foods, canned, 600 
Foot and mouth disease, 543 
Forceps, 38 

Formalin for disinfecting, 615 
— - fixing tissues, 92 

— preserving cultures, 98 

specimens, 99 

Formate broth, 67, 571 
Foul brood, 514 


Framboesia, 466, 472 
Frankel’s pneumococcus, 366 

— tube, 66 

Frankland’s method for air analysis 
582 

Friedlander’s capsule stain, 88 

— pneumo -bacillus, 372 
Fuchsm agar, 572 

— bodies, 536 

— carbol, 77 
Fumigation, 611, 615 
Fungi, 5, 6, 436 

— imperfecti, 437 
Fungus disease, 422 
Fusarium, 600 

Fusiform bacillus, 15, 267 , 544 


Gallioxella , 426. 

Gametes, 447, 500 
Gangrene, gas, 391 

— in animals, 401 

— spreading, 213 
Garrow’s agglutmo meter, 177 
Gartner group, 334 

Gas production, 30, 66 

determination of, 57 

Gastric juice, prevention of infection 
by, 407 

Gauge, wire, 40 

Gelatin, 52 See Culture media. 

— liquefaction of, 61 

General paralvsis of insane, 469, 470, 
472, 507, 510 

Genital organs, organisms of, 555 

Gentian violet, 77, 86 

Germicidal action of blood, etc , 187 

Germicides, 606 

Gettings 9 bacillus, 340 

Giant cells, 274, 278 , 287, 417 

Giardia, 457 

Giemsa stain, 79, 475, 508 
Gingivitis, fuso- spirillary, 268 
Glanders, 270 
Glanders-like disease, 277 
Globulin of anti- bodies, 144 
Glossina , 461 
Golding’s bottle, 71 
Gonorrhoea, 227 
Gram’s method, 85 

— for gonococcus, 229 

— Weigert, 87 

Gram -negative cocci, 224, 229 

organisms, 86 

Granules, metachromatic, 6 
Granuloma, infective, 270 

— ulcerating, 468 
Grass bacillus, 309 
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Graticules, 125 
Grease for stoppers, 36 
Gregarmes, 513 
Griffith’s steriliser, 577 
Grinding machine, 34 
Guarnieri bodies, 534 
Gum for freezing, 93 


H^mamceba, 511 
Hsematoxylm, 78 

— iron, 454 
Hsemoflagellates, 456 
Hsemogregarmes, 513 
Hsemolysms, 162 

— bacterial, 163 
Haemolysis, 162 
— test, 164 
Hcemoproteus , 511 
Hsemosporidia, 498 
Halogens, 612 
Halteridium, 511 
Hangmg-drop preparations, 108 
Haptines, 139 
Haptophore, group, 138 

Heat as a disinfector, 603 
Heidenham’s iron-hsematoxylm, 454 
Helminths, 131 
Hemophilus, 18 

— species of, 376, 379, 541 
Heredity, 1 

d’Herelle phenomenon, 127 
Herpes, 524, 552 
Herpetomonas, 456 
Hiss’s medium, 264 
Hodgkin’s disease, 543 
Hofmann bacillus, 261 
Hog-cholera, 334 
Hydroa gestatioms, 550 
Hydrogen-ion concentration, 48 
Hydrogen peroxide, 590, 615 

— sulphuretted, 22 
Hydrophobia, 515 
Hyphse, 436 
Hyphomycetes, 436 

— examination, 441 

— pathogenic, 439 
Hypochlorites, 612 


Ice, organisms in, 556, 577 
- — creams, 577 

Identification of organisms, 101 
Illumination, 118 
— dark-ground, 120 
Immersion lenses, theory of, 1 12 
Immu ne body, 156 
Immuno -transfusion, 201 


Immunity, 182 

— acquired, 190 

— active, 191 

— atrejitic, 192 

— humoral, 188 

— local, 191 

— natural, 183 

— passive, 191 

— phagocytic, 188 
Impetigo, 249, 549 
Impression specimens, 84 
Incubator, 59 

Index, opsonic, 195, 199 

— determination of, 197 

Indian ink method for syphilis, 475 
Indicators, 49, 59 
Indiella, 425 
Indole, 22 

Indole -acetic acid, 23, 245, 261 
Infantile paralysis, 521 
Infection, 130 ~ 

— localisation of, 134 

— modes of, 133 
Infective process, 132 
Influenza, 375 

— cold, 230, 268, 379 
Infusoria, 454 
Inoculation of animah. 103 

— of tubes, 62 

— preventive, 202 

Insects and disease, 354, 362, 364 
Intestine, organisms of, 554 
Intoxication, 134 

Intracellular substances, 32, 131, 

187, 189 
Invertase, 30 

Investigation of micro -organisms, 

100 

Involution forms, 11 
lodamceba , 452 
Iodine, 577, 612 

— cysts, 452 

— LugoFs (Gram’s method), 87 

— Weigert’s, 87 
Iodoform, 619 
Iron bacteria, 426 

— salts, 614 
Irrigation, 107 

Isle of Wight disease, 514 
Isolation of organisms, 67 
Isospora, 497 
Izal, 618 


Japanese river fever, 532 
Jaundice, infective, 314, 328, 466 
Jenner’s blood stain, 78 
Jo hue’s disease, 303 
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Kahit reaction, 494 
Kala-azar, 463 
Kerol, 618 

Klebs-Loifier bacillus, 243 
Koch’s <e comma ” bacillus, 402 

— postulates, 133 
Koch-Weeks bacillus, 541 
Kraus’s test, 404 

L AMELIA, 457 

Landry’s paralysis, 515, 522 
Lankesterella , 513 
Laverama, 506 

Leguminosse, fixation of nitrogen 
by, 27 

Leishman-Lonovan body, 463 
Leishman stain, 78 
Leishmaniasis, 462 
Lenses, microscopical, 112, 116 
Leprosy, 304 

— rat, 307 

Leptomonas, 456, 462 
JLeptospira, 465 

— species of, 466-468 
Leptothrix buccahs , 425 
Leucocytes, migration of, 188 

— in milk, 591 
Leucocytozoon canis , 513 
Leuconostoc, 13 
Levaditi’s stam, 476 

Life -history, studying, 100, 108 
Life without bacteria, 2 
Light as a disinfector, 605 

— diffracted, 112 

— effect of, on bacteria, 21 

— ultra-violet, 22, 113, 234, 577, 605 
Lime as a disinfectant, 612 

— and water purification, 558 
litmus solution, 59 

Local Government Board disin- 
fecting solution, 614 
Locke’s solution, 450 
Loffler’s methylene blue, 76 

— serum, 55 
Loop, standard, 623 
Loupmg-ill, 401 
Luetin, 471 

Lymphadenitis, ovine, 304 
Lymphadenoma, 543 
Lymphangitis, 213, 304 

— epizootic, 275, 440 
Lysins, 156, 164 
Lysol, 617 
Lysozyme, 129 

Macbogamete, 447 
Madura disease, 442 


Maduramycoses, 416, 424 
Madurella , 424 
Magnifying powder, 117 
Mai de caderas, 461 
Malachite green media, 575 
Malaria, 498 

— diagnosis of, 507 

— parasites, 504-506 

mosquito phase, 500 

Malignant disease, 164, 208, 429, 

454, 468, 536 

— oedema, 395 

— pustule, 237 
Mallem, 275 
Malta fever, 550 
Marasmus, 216 
Mastigophora, 455 
Mastoid disease, 545 
MacConkey stain, 88 

— media, 570, 571 
Measles, 543 

Measurements, microscopical, 125 

— drop method of, 40 
Measures and weights, 626 
Meat, 600 

Media, culture, 40. See Culture 

MEDIA. 

Mediterranean fever, 550 
Meiostagmm reaction, 180 
Melioidosis, 377 

Meningitis, 213, 219, 228, 237, 286, 
371, 379, 525, 5M 

— cerebro -spinal, 219 

— posterior basic, 225 
Mercaptan, 22, 30 
Mercuric chloride, 613 

— iodide, 614 
Mercury, pyogenic, 204 

— to clean, 626 

— vapour lamp, 119, 606 
Merismopedia, definition of, 13 
Metachromatic granules, 6 
Methylated spirit, 92 
Methylene blue, Loffler’s, 76 

— borax, 509 

— carbol, 76 

Methyl red reaction, 568 
Micrococci, Gram -negative, 224, 
229 

Micrococcus, definition of, 13 

— agihs, 601 

— bombycis, 514 

— candtcans , 601 

— catarrhalis , 224, 229, 230, 366, 

378 

— cereus albus, 208 
j flavus, 30, 208 

— cinereus , 225 
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Micrococcus deformans, 548 

— epidermidis alb us, 208, 581 

— flavescens, 208 

— flavus, 224 

— gononhcece , 227 

— lanceolatus, 366 

— mehtensis, 229, 550, 589 

— meningitidis, 219, 224, 229 

— neoformans, 208, 536 

— paramehtensis , 552 
* — pasteur i, 366 

— pharyngis siccus, 224 

— pyogenes aureus, 206 

albus, 207 

citieus, 207 

• — sahvarius , 209 

— scurf, 209, 581 

— tetragenus, 231 

— urece, 25, 30 

— zymogenes , 209 
Microgamete, 447 
Micrometer, 125 
Micro -millimetre, 125 
Micron, 125 

— milli-, 148 

Microscope, bacteriological, 109 
Microspondia, 514 
Microsporon audouini, 442 

— furfur, 444 

— m,i nutissi mu m, 444 
Microtomes, 95 
Mieseher’s corpuscles, 514 
Milk, 587 

— acid-fast bacilli m, 309 

— condensed, 592 

— curdling of, 61, 344, 589 

— diphtheria-like bacilli m, 596 

— dried, 592 

— examination of. 593 

— graded, 592 

— leucocytes in, 591 

— organisms of, 589 

— - Pasteurisation of, 590 

— pathogenic organisms in, 589 

— reactions with, 57 

— soured, 593 

— souring of, 29 

Milk and diphtheria, 250 

— and tuberculosis, 285, 290, 293, 
591 

Mill, bacterial, 34 
Mist bacillus, 309 
Moeller’s spore stain, 89 
Molluseum bodies, 539 
Monilia albicans, 440 

— psilosis, 546 

— tropicalis, 441 
Morax-Axenfeld bacillus, 541 


Morgan’s bacillus, 336 
Mosquitoes, 503 

— and dengue, 533 

— and malaria, 498, 503 

— and yellow fever, 468 

i Motility of organisms, 7, 108 
Moulds, 436 
i Mounting, 81, 98 
1 Mouse plague, 335 
1 — septicaemia, 365 

Mouth, organisms of, 425, 554 
i Much’s tubercle stain, 299 
| JMucor mucedo, 437 

— rouxu, 438 

Mucous membranes, organisms of, 
553 

Mumps, 126, 544 
Mussel poisoning, 31, 598 
i Mutations, 10, 185 
: Mutch’s culture method, 73 
I Mycelium, 437 
j Mycetoma, 416, 422 
Mycetozoa, 454 
My coderma. 428 
Mycoses, 416, 439 
, Mycosis tonsillaris, 425 
Mykoprotem, 7 
| Mytilotoxm, 31, 598 
Myxomycetes, 454 
Myxosporidia. 513 


I Nag ana, 460 

| Nasal mucus, geimicidal action of, 

; 553 

i Nasgar, 220 
I Nastm, 305 
j Necrosis, 30 
: Needles, 3S 
| Negri bodies, 516 
; Neisser’s stain, 265 
i Neuritis, diphtheritic, 249 
i Nitrification, 24 
i — media for, 26 
j Nitrogen, fixation of, 27 
f N.N N. culture medium, 462 
| Nocardia, 418-421, 424 
1 N octiluca, 456 

Nogouchi’s culture method, 465, 470 
I Noma, 268, 544 
j Nomenclature, 18 
Normal solutions, 47 
! Nosema , 514 

Nose, organisms of, 553 
Nose-piece, 117 
Nucleins, 187 
Numerical aperture, 113 
Nutrose, 220, 571 



640 


INDEX 


Objective changers, 117 
Objectives, 112, 315, 122 
GEdema, malignant, 395 
Oidvum , 436, 440, 546 

— laciis , 589 
Oil-immersion lenses, 112 

Oils, essential, as antiseptics, 619 

Old age, 554 

Ookinet, 502 

Oospora, 418, 424 

Opalina , 455 

Ophthalmia, 208, 228, 541, 550 
Ophthalmo -reaction m glanders, 276 

— m tuberculosis, 302 

— m typhoid, 327 
Oppler-Boas bacillus, 545, 593 
Opsonic index, 195, 197 
Opsonms, 195 

Orange -rubin, 79 

Organisms, cultivation of, 42, 45, 59 

— enumeration of, 69, 200, 595 

— identification of, 101 

— influence of a mixture of, 20 

— isolation of, 26, 42, 67 , 100 

— nitrifying, 25 

— of air, water, and soil, 601 

— of skin and mucous membranes. 

553 

— reproduction of, 8 

— thermophilic, 19, 584 

— ultra-microscopic, 126 

— variation of, 10 

— virulence of, 102, 131, 185 
Oriental sore, 463 

Oroya fever, 552 
Osnne acid fixation, 462 
Osteomyelitis, 205, 206, 213, 314 
Otitis, 215, 368, 371, 545 
Ozsena, 545 
Ozone, 577, 615 


Paxes’ discs, 564 
Pappataei, 533 
Para -cholera, 408 
Para-colon bacillus, 328 
Para-dysentery bacillus, 389 
Para-melitensis , 552 
Para -meningococci, 222 
Paraffin, embedding in, 93 

— sections, 95 
mounting, 97 

Paralysis, diphtheritic, 249, 251, 258 

— general, 469, 470, 472, 507, 510 

— infantile, 521 

— Landry’s, 515, 522 
Paramecium, 455 
Parasites, 131 


Paratyphoid fever, 32 S 
Parotitis, 126, 544 
Parthenogenesis, 447 
1 Pasteur’s fluid, 56 
| Pasteur-Chamberland filter, 37, 578 
Pasteur ella, 365 
Pasteurisation of milk, 590 
Pe brine, 514 
Pemphigus, 549 
Pemcillium glaucum, 43 S 
Peptone water, 52 
Pericarditis, 228, 371, 547 
Peritonitis, 228, 345, 371, 546 
Permanganates, 577, 615 
j Pertussis, 379 
Petri dishes, 70 

Petri’s method for air analysis, 582 
Pfeiffer’s reaction, 156, 159 
Phagocytosis, 188 

— estimation of, 195 
Phenol. 616 
Phenol-red, 59 
Phlebitis, 204 

| Phlebotomus fever, 533 
Phlogosin, 204, 207 
I Phosphorescence, 20, 30, 456 
Phycomycetes, 436 
Physiological salt solution, 80 
j Piero -carmine, 77 

Pictou cattle disease, 346 
I Piedra, 445 

Pigment, formation of, 30 
Pmta, 445 
Pipettes, 38, 197 
i — throttled, 41 
Piroplasmata, 511 
' Pitfield’s flagella stain, 91 
Pityriasis, 444 
Plague, antiserum, 360 

— bacillus of, 355 

— diagnosis, 363 

— epidemiology, 361 

— pathogenesis, 358 

— vaccines, 359 
Plasmodtophora brassicce , 454 
Plasmodium,, 498 

— falciparum, 506 
— Icochii, 507 

— malarice, 504 
I — prcecox, 510 

— vivax, 505 
Plasm olysis, 7 
Plasticine, 42, 73, 108 
Plate bottles, 71 

— cultures, 69 

anaerobic, 72 

silica jelly, 26 

Platinum needles, 38 
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Plaut’s method, 422 
Pleo morphism, 11 
Pleuropneumonia, 366 
Plimmer bodies, 536 
Pneumo bacillus, Freidlander’s, 372 
Pneumococcus, Frankel’s 366 
Pneumonia, 366 

— B coh , 346 

— influenzal, 378 

— pneumococcal, 370 

— septic, 213 

— staphylococcal, 374 

— strex>toeoccal, 213, 373, 378 
Pneumono -mycosis, 439 
Poisoning, food, 31, 597 
Poisons, bacterial, 32, 132 

— tolerance to, 1 82 
Poliomyelitis, 521 
Porges’ reaction, 491 
Postulates, Koch’s, 133 
Potato, 54 See Culture Media. 
Powders, disinfectant, 619 
Precipitms, 181 

Pressure, effect of, on bacteria, 21 
Products of bacteria, 22-32 
Proteins, bacterial, 32 

— germicidal, 187 

— pyogenic, 204 
Proteosoma , 510 

Proteus group, 312 See B . pyoteus. 

— m putrefaction, 22, 25 
Proteus capsulatus honnnis, 237 
Proteus X 19 , 531 
Protococcus, 456 
Piotophyta, 5 

Protozoa, 446 

— action of drugs on, 619 

— m soil, 28 

— m water, 579 
Prowazelcia, 458 

Pseudo -diphtheria bacillus, 260 

Pseudo-tuberculosis, 269, 303, 421 

Pseudomonas, 14, 16, 25, 27. 

Psilosis, 546 

Psittacosis, 335 

Psorospermosis, 497 

Ptomaine poisoning, 31, 597 

Ptomaines, 31 

Puerperal fever, 546 

Pugh’s stain, 265 

Pump, exhaust, 36 

Purpura, 546 

Pus, blue, 215 

— m milk, 591 
Putrefaction, 22 
Pyaemia, 204, 206, 213 
Pylephlebitis, 205 
Pyocyanase, 216, 240 

M B. 


Pyocyaneus infection, 215 , 520 
Pyocyanin, 216 
Pyogenic organisms, 206, 390 
Pyorrhoea, 452, 546 
Pyrogallic acid, 64 
Pyrosoyna, 511 


Quartan fever, 504 
Quarter evil, 400 
Quinine and malaria, 506 
— and tetanus, 388 


Rabbit septicaemia, 365 
Rabies, 515 
Radium, effect of, 22 
Rag-sorter's disease, 237 
Rat-bite disease, 468 

— virus. 335 

Rats and plague. 361 
Rauschbrand, 490 
Ray fungus, 418 

Reaction, JBordet -Durham, 169, 175 

— indole. 22. 403 

— Kahn, 494 

— meiostagmin, ISO 

— methyl-red. 568 

— of media, 47 

— Pfeiffer's. 156, 158, 159 

— Poiges', 491 
— * Sachs-G-eorgi. 491 

— 'sigma, 491 

— Voges-Proskauer, 311 

— Wassermann, 477 
Reactions, serum, 14S, 154 
Rebipelagar, 575 
Receptors, 138, 139 

— ehemo-, 182, 192 
Refuse, dustbin, 5S6 
Regulators, incubator, 60 
Relapses, theory of, 186, 323 
Relapsing fever. 465 
Relief staining, 82 
Resolving power, 114 
Retention theory, 192 
Rheumatism, 547 
Rheumatoid arthritis, 548 
Rhinitis, membranous, 249 

— atrophic, 545 
Rhmoscleroma, 548 
Phiyiosporidiuyn, 431 
i Rickettsia bodies, 530, 532 
Rideal-Walker method, 620 
Rinderpest. 548 
Ringworm. 441 
Rocking microtome, 95 


4 i 
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Rocky Mountain fever, 532 
Roll cultures, 72 
Romanowski stain, 78 
Ropy bread, 600 
Roup, diphtheritic, 269 
Ruffer bodies, 536 
Russell’s corpuscles, 536 


Saccharimetee, 57 
Saecharomyces, 6, 427 
Saecharomyces anomalus , 434 

— cerevis'ice , 427, 433 

— elhpsoideus, 433 

— litog enn.es , 429 

— pastorianus, 433 
Saliva, dissemination of, 581 

— germicidal action of, 554 

on meningococcus, 221 

Salmonella group, 336 
Saline solution, 80 
Salvarsan, 240, 468, 619 
Sand filtration, 557 
Sand-fly fever, 533 
Saprsemia, 204 
Saprophytes, 19 

Sarcma, definition of, 13, 14, 17 

— luiea , 30, 601 

— ventnculi, 231 
Sarcodina, 448 
Sarcoma, 537 
Sarcosporidia, 514 
Saturation test, 169, 180 
Scarlet fever, 527 
Schick test, 259 
Sehizomycetes, 5 
Sehizont, 495 
Schizophyeeae, 5 
Schulz -Charlton test, 529 
Sclexotiuna, 436, 439 
Scour of poultry, 497 
Sections, fixing to slide, 96 
— - frozen,. 93 

— paraffin, 93 

— staining, 96 

Sedgwick and Tucker’s method for 
air analysis, 583 
Sedimentation test, 176 

— water, 558 
Sensitiveness, 148 
Septic diseases, 203, 390 

— tank process, 5S6 
Septicaemia, 134, 204 
Sera, ant x -endo to xic, 158 

— anti -micro bic, 155 

— antitoxic, 136 

— polyvalent, 157, 214 
Serum, culture medium of, 54 


Serum, germicidal action of,* 187 

— haemolytic, 162, 167 
Serum disease, 144, 149 
Seven-days’ fever, 467 
Sewage, 585 

Sewers, air of, 586 

Shake culture, 59 

Shell-fish, examination of, 577 

— and typhoid. 318 
Side -chain theory, 137 
Sigma reaction, 491 
Silica jelly, 26 
Silkworms, disease of, 514 
Silver salts, 614 

— pyogenic, 204 
Skat ole, 24 

Skatole-carboxylic acid, 245 
Skin diseases, 444, 548 

— organisms of, 553 
Sleeping-sickness, 459 
Slides, cleaning, 80, 90, 508 

— hollow-ground, 108 
Smallpox, 533 
Smear preparations, 83 
Smegma bacillus, 308 
Sodium bisulphate, 577 
Soaps, 611 

Soil, 584 

— nitrification m, 24 

— sterilisation of, 27 
Solubilities, 626 
Solutions, normal, 47 
Sour milk, 593 

Species of bacteria, 12, 18 
Specimens, preserving pathological, 
99 

Spengler’s tubercle stain, 298 
Spirillum, definition of, 12, 13, 14, 
16. See also Vibrio. 

— minus, 468 

— rubrum, 30, 464 

— tyrogenum , 414 
Spirobacillus, 340 
Spirochaeta, 12, 464 

— species of, 465— 46S 

— pallida, 469 

— refmngens, 469 

— vincenti , 267 

— in blackwater fever, 507 

— m bronchitis, 468, 540 

— m cancer, 468 

— m disseminated sclerosis, 468 

— in dysentery, 466, 543 

— in rat-bite fever, 468 

— m typhus fever, 530 

— m ulcerating granuloma, 468 

— m ulcers, 468 

— in urethra, 555 
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Spirochaeta in. yaws, 466 
Spiro chaetosis, 464 
Spironema, 465 

— pallidum , 469 
Spleen in. immunity, 190 
Sporangium, 436 

Spore formation, 9, 427, 432, 436 

— staining, 88, 435 
Spores, resistance, 19 
Sporotrichosis, 440 
Sporozoa. 495 
Sporozoite, 495 
Spotted fever, 219 

of Rocky Mountains, 532 

Sprue, 546 

Stage, microscopical, 110 
Staining methods, 76. See under 
respective names. 

— capsules, 88 

— films, 79 

— flagella, 89 

— Gram, 85, 229 

— sections, 96 

— spores, 88, 435 

Stains, 76. See under respective 
names. 

Standard loop, 623 
Standardisation of antitoxin diph- 
theria, 253 
tetanus, 388 

— media, 47 
Staphylococcus, 12 

— species of. See Micrococcus. 
Steam disinfection, 604 
Stegomyia, 468, 533 
Sterilisation, 43 

— discontinuous, 3 
Sterilisation of milk, 589 

— of water, 577 
Steriliser, hot air, 43 

— Griffith’s, 577 

— author’s, for milk, 591 

— steam, 43, 604 
Still’s diplo coccus, 225 
Stimuhns, 194 
Stomach, organisms of, 554 
Strangles, 212 
Streptobacillus, 356 
Streptococcus, definition of, 13 

— diagnostic table, 211 

— anaerobic, 399 

— anginosus, 211, 212 

— brevis , 210 

— conglomerate , 210, 528 

— egui, 211, 212 

— erysipelatis , 213 

— fcecalis , 211, 212, 213, 214, 547, 

566, 569 


Streptococcus hcemolyticus , 211 

— lacticus , 213, 589 

— longus , 210 

— medms , 210 

— mucosus, 368 

— pneumonue, 367 

— pyogenes , 210, 211, 212, 214 
anti-serum, 214 

1 in milk, 213, 589, 596 

i — rheumatirusy 214, 547, 548 
S — sahvarius , 211, 554, 581 
I — scarlatince, 210, 527 

— viridans , 213 
Streptothnx, acid-fast, 421 

— actmomyces , 418 

— eppingeri, 421, 424 

— freer i, 424 

— leproides, 305 

— madurce , 423 

— m rat -bite disease, 46S 
Streptotricheee, 416 
Sugars, resolution of, 21 
Sulphurous acid, 611 
Supersensitisation, 149 
Suppuration, 203 

— clinical examination, 217 

— due to chemical agents, 204 

— influence of dose, 205 
Surra, 461 

Swine erysipelas, 365 

— fever, 334 

— pLague, 365 
Symbiosis, 19 
Symptomatic anthrax, 400 
Syphilis, 469 

Syringes, 103 


Tabirdillo, 532 
Tabes, 469, 472 

Temperature, influence on bacteria, 
19 

Test-tubes, 55 
Tetanus, 383 

— antitoxin, 388 

— toxins, 385 
Tetramltus , 458 
Texas fever, 512 

Theobald Smith phenomenon, 149 
Thermal death-pomt of organism* 
in milk, 590 

Thermal death-pomt. determination 
of, 605 

Thionme. carbol, 77 
Thrush, 440 
Ticks, 466, 512, 532 
Tinea, 441, 445 
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Tinned foods, 592, 598, 600 
Tissues, preparation of, 92 
Tolerance to organisms, 187 

— to poisons, 1 82 
Torula, pink, 601 
Torulse, 428 
Toxins, 32, 132, 138 
Toxoids, 141. 142, 254 
Toxone, 254 

• — effect, 254, 256 
Toxophile group, 138 
Toxophore group, 138 
Trachoma, 550 
Treatment, antiseptic, 619 

— antitoxic, 143 
Trench fever, 532 
Treponema pallidvm, 469 
Trichomonas komims , 456 

— vaginalis , 457 
Trichophytons, 442 
Trophozoite. 495 
Trypagar, 220 
Trypanoplasma, 456 
Trypanosoma, 456, 458 

— sjieeies of, 459 
Tsetse flies, 461 

— fly disease, 460 

Tube length, 110, 117, 124 
Tubercle, structure of, 278 
Tubercle bacillus, 279 

avian ranety, 287, 288 

cultivation of, 280, 299 

distribution in tissues, 286 

mammalian variety, 287, 288 

splitter forms, 280 

thermal death -point, 285, 591 

toxms of, 284 

m the blood, 286 

m butter, 600 

m milk, 290, 293, 589, 595 

Tuberculin, bacillary emulsion, 283 

— Behring’s, 284 

— cutaneous reaction, 302 

— new, 283 

— old, 281 

— ophthalmo reaction, 302 

— ft., 283 

— reaction in actinomycosis, 42 1 
m leprosy, 306 

— treatment, 283 

— veterinary, 303 
Tuberculosis, 278 

— agglutination m, 296 

— anti-serum, 294 

— avian, 287 

— bone and joint, 290 

— bovine, 288 

— complement fixation in, 295 


Tuberculosis, diagnosis of, 295 et seq 

— disinfection m, 294 1 

— immunity in, 294 

— infection m, 291 

— mammalian, 286 

— piscian, 287 

— precipitin reaction in, 296 

— pseudo-, 303 

— Royal Commission on, 288 
Tuberculous food, 293 

— sputum, staining, 297 

— tissues, staining, 300 

— urine, 301 
Tularaemia, 364 
Tulase, 284 

Turpentine, pyogenic, 204 
Typhoid bacillus, 312 

— earners, 316 

— in milk, 589 

— m water, 317, 572 

— isolation from stools, 330 

— survival of, 316, 319 

— variation of, 314, 322 
Typhoid fever, 312 

— agglutination reaction, 315, 324 

— and shell-fish, 318 

— and sewer gas, 320 

— diagnosis of, 323, 330 

— serum, 321 

— vaccine, 322 
Typhus fever, 529 
Tyrotoxicon, 31 


Ulcerating granuloma, 468 
Ulcerative endocarditis. See Endo 
carditis, infective. 

Ulcers, 415 

Ultra-microscopic organisms, 126 
Ultra-violet light, 21, 113, 234, 577 
605 

Undulant fever, 550 
Unit, agglutination, 174 

— antitoxin, 257, 388 
Urea, fermentation of, 25, 30 
Urinary organs, organisms of, 555 
Urine, colon bacillus in, 346 

— smegma bacillus m, 301, 308 

— tubercle bacillus m, 301 

— typhoid bacillus m, 314 
Uschmsky’s fluid, 56 


Vaccines, dosage of, 201 

— endo toxic, 201 

— prophylactic, 202 

— sensitised, 201 

— standardisation, 200 
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Vaccines, therapeutic, 199 

— ( also under individual organisms) 
Anthrax, 240 

Cholera, 410 Typhoid, 322 

Plague, 359 Vaccinia, 535 

Vaccinia, 533 
Vagina, organisms of, 555 
Varicella, 552 
Variola, 533 
Verruga, 552 

Vibrio, definition of, 12, 13, 16 

— cholera, 402 

— berohn&nszs , 408 

— danubicus , 408 

— Deneke, 414 

— El Tor, 408 

— Elwers, 408 

— Finkler, 414 

— Ivanhoff, 408 

— Massowah, 409 

— metchmlcovi , 413 

— Sanarelli, 408 
Vibrton septique, 395 
Vibrios of mouth, 415 
Vincent’s angina, 267 
Virulence, 185 

— to increase, 102 
Virus, 130 

Visibility, limit of, 115 
Voges-Proskauer reaction, 311 
Volvox, 456 
V orticella, 455 


Wassermann reaction, 471 

— method, 473, 477 

— m Leishmaniasis, 464 

— m leprosy, 306 

— m malaria, 507 

— in. scarlatina, 472 

— m trypanosomiasis, 472 

— m yaw s, 472 

Water, bacteriology of, 556 

— chlorination of, 558 


Water, effect of sand filtration, 557 

— effect of sedimentation, 558 

— bacteriological analysis of, 561 

— colon bacillus m, 564, 568 

— comma bacillus in, 405, 576 

— iron bacteria m, 426 

— pathogenic organisms in, 572 

— sterilisation of, 577 

— typhoid bacillus in, 317, 572 
Watercress, examination of, 578 
Weigert’s law, 139 

— method, 87 

Weights and measures, 626 

Weil-I elix reaction, 531 

Weil’s disease, 466 

Whey media, 593 

Whooping-cough, 379 

Widal reaction, 169, 175, 215, 324 

Wooden tongue, 417 

Wool, anthrax: infected, 238 

Wool-sorter’s disease, 237 

Wounds, septic, 206, 390 

Wright’s capsule, 197 


X-rays, 22 
Xerosis bacillus, 26S 


Yaws, 466 
Yeasts, 5, 427 

— analysis of, 432 

— isolation, 432 

— of fermentation, 431 

— pathogenic, 428 
Yellow fever, 127, 335, 407 


Ziehl-Neelsex solution, 77 

Zinc salts, 61 4 

Zoogloea, 7 

Zygospore, 438 

Zygote, 447 

Zy mo lysis, 28 
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t Anatomy a Physiology 



The Principles of Anatomy as Seen in the Hand. 

Bv F. Wood Jones, D.Sc., M.B , B S , F.R S., Professor of Anatomy, 
University of Adelaide. 125 Illustrations. 15s. net. 


The Anatomy of the Human Skeleton. By J. Ernest \ 

] Frazer, F.R.C S„ Professor of Anatomy, University of London. '* 

Second Edition. 219 Illustrations, many m colours. 28s net. 1 

< Synopsis of Anatomy. By T. B. Johnston, M.B., ' 

( Professor of Anatomy, University ot London. 11 Illustrations. 12s.Grf.net. I 

Anatomical Terminology, with Special Reference to 

the B N.A. By L. F. Barker, M.D. With Illustrations. 5s. net. f 

r A Manual of Practical Anatomy. By the late Prof. ' 

A. W. Hughes, M B. Edited by Arthur Keith, M D. In three parts. 

, Parc 1, 12s. Gd . net. Part II, 10# Gd. net. Part III, 12s. 6rf. net. \ 

Heath's Practical Anatomy : a Manual of Dissec- 

, tions. Edited by J. E. Lane, F R C.S. Ninth Edition 15s. net. 

Clinical Applied Anatomy ; or, The Anatomy of 

Medicine and Surgery. By Charles R. Box, M.D., Physician, St. 
Thomas’s Hospital, and W, McAdam Eccles, M S Lond., F.R.C S Eng., 
Surgeon, St. Bartholomew’s Hospital. 45 Plates 12s. Gd net. 

Essentials of Surface Anatomy. By Charles B. 

Whittaker, F.R.C. S. Third Edition. With 17 Plates, containing 27 
i Figures, many in colours 7s. Gd. net. 

v Text- Book of Anatomy and Physiology for Nurses. 

By Elizabeth R. Bundy, M.D. Fifth Edition. With a Glossary and 
256 Illustrations (46 in. colours). 11s. 6rf. net. * 

Human Osteology. By Luther Holden. Eighth { 

Edition. Edited by Charles Stewart, F R.S., and Robert W. Reid, 
M.D., F.R.C.S. 59 Lithographic Plates and 74 Engravings. 18s. net < v 

Synopsis of Physiology. By Ffrangcon Roberts, < 

* M.D. , M.R.C.P., Fellow and Lecturer m Physiology, Claie College, Caro- ' 

bridge. 73 Illustrations. 10s. 6rf. net. t 

Principles of Human Physiology. By Ernest H. ( 

Starling, C.M.G., M.D., F.R.C.P., F.R.S., Foulerton Professor of the \ 
Royal Society. Fourth Edition. 570 Illustrations. 25s net. ' 

An Introduction to Biophysics. By D. Burns, D Sc., ) 

Professor of Physiology, University of Durham. With 85 Illustrations. ) 
21s. net. < 

Practical Physiology. By Gr. Y. Anrep, M D., D.Sc., S 

t and D. T. Harris, M.B., B.S. With Introduction by Prof. E. H. Starling, ) 

> C.M.G., F.R.S. With 197 Illustrations. 10s. Gd. net. \ 

The Cell as the Unit of Life, and other Lectures, 

An Introduction to Biology. By the late Allan Macfad yen, M.D. , B.Sc. ) 
Edited by R. Tanner Hewlett, M.D., F.R.C.P., D.P.H. 7s. Gd. net. \ 

Recent Advances in Physiology. By C. Lovatt ) 

. Evans, D.Sc Lond., F.R.S., Jodrell Professor of Physiology, University ) 

College. Second Edition. 70 Illustrations. 12*. Grf. net ) 

Recent Advances in Biochemistry. By J. Peydb, ( 

' Lecturer m Physiological Chemistry, Welsh National School of Medicine, ( 

38 Illustrations 12# 6rf.net. I 
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< Materia Medica * Pharmacy 


Applied Pharmacology. By A. J. Clark, M.C., MJX, 

P.R.C P., Professor of Pharmacology, Uim ersity of Edinburgh. 
Second Edition. With 54 Illustrations. 15s.net. 

A Text- Book of Pharmacology and Therapeutics. 

By A. It. Ccshny, M A., M D., F.R S., Professor of Pharmacology, 
U ruversity of Edinburgh, etc. Eighth Edition. 73 Illustrations. 24s. net. 

Materia Medica, Pharmacy, Pharmacology, and 

Therapeutics. By Sir W. Hale- White, M.D. , F.R.C.P , Physician to, and 
Lecturer on Medicine at, Guy's Hospital Eighteenth Edition. 10#. 6 d. net. 

Synopsis of Pharmacology. By D. V Cow, M.D. 

With 15 Illustrations. 7s. Qd. net. 

Synopsis of Materia Medica, with Notes on Pres- 

cription Writing By J. Bckkei, M.D. 4s. Qd net. 

A Text- Book of Materia Medica for Students of 

Medicine. By C. R. Marshall, M.D 127 Illustiations. 10s. 6 d. net. 

Southall’s Organic Materia Medica. Reprinting. 

A Text- Book of Materia Medica. By Henry G. 

Greenish, FIG, F.L S., Professor of Pharmaceutics to the Pharma- 
ceutical Society Fourth Edition 270 Illu&ti ations. 25# net. The Micro- 
scopical Examination of Foods and Drugs. Third Edition. 209 Illus- 
trations.. 18s net. An Anatomical Atlas of Vegetable Powders. 
138 Illustrations 12s.6rf.net 

Practical Pharmacognosy. By T. E. Wallis, B Sc., 

F.I G Illustrations 7 s Qd net 


The Book of Pharmacopoeias and Unofficial For- 
mularies. Bv E. AV. Lucas, C B.E , F.I C , F.C S , and H B. Steven-., 
t) B E F I.C., F C.S. 7 s. Qd. net 

ALfeO 

First Lines in Dispensing. Second Edition. 6s net. 
Practical Pharmacy. Third Edition. 224 Illus 27s.net 
v The Book of Receipts : containing a Veterinary Materia 

‘ Medica. A Pharmaceutical Formulary. A Photographic Formulary A 

y Synopsis o± Practical Methods employed m the Examination of Urine, 

' Milt-, Potable Waters, Sputum, etc. Twelfth Edition. 10#. 6rf. net. 

< The Book of Prescriptions, with an Index of 

* Diseases and Remedies. Eleventh Edition. IQs Qd. net. 

■> Medical and Pharmaceutical Latin for Students of 

/ Pharmacy and Medicine By R. R. Bennett Third Edition 10#. 6d. net. 

< A Companion to the British Pharmacopoeia. By 

/ Petek Wyatt Squire, F.L S., F C S. Nineteenth Edition. 25#. neb. 

) The Pharmacopoeias of 31 London Hospitals. Ninth Edition. 

) 12#. Qd. net. 

J The Pharmaceutical Formulary. By Henry Beasley. 

( Twelfth Edition hy J. Oldham Braith waite. 6#. Qd. net. 

( Favourite Prescriptions, Including Dosage Tables 

( and Hints for Treatment of Poisoning. By Espine Ward, M.D., West 

( African Medical Staff. Intel leaved 5#. net 
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The Health of the Industrial Worker. By E. L. 

Collis, M.D-, Professor of Preventive Med icme, Welsh National School 
of Medicine, and Major Grikn wo or>, M.R C.P.,M.R.O S , Medical Officer, 
Mimstiy of Health. With Introduction by Sir George Newman, K O.B., 
M.D. 30s. net. 

The Principles of Preventive Medicine. By B. 

Tanneii Hewlett, M.D., F.R.C.P., D.P.H., Professor of Bacteriology, 
University of London, and A. T. Nankin ell, M I)., D.P H„, Medical 
Officer of Health, Hornsey. With 12 Charts and 5 Diagrams, lft* net. 

Synopsis of Hygiene. By W. W. Jameson, M.D., 

D.P.H., Medical Officer of Health, Hornsey, and F. T. Marchant, 
M.E San.I., Senior Assistant, Depaitment of Hygiene, University 
College. Second Edition. With 21 Illustrations. 18*. net 

Sanitation in War. By Lt.-Col. P. S. Lelean, C.B., 

F.R.C.S., D.P.H., Professor of Public Health, Umv. ot Edinburgh 
Third Edition. 68 Illustrations. 7s. 6d. net. 

Elementary Hygiene for Nurses. By H. C. Euthee- 

eord Darling, M.D., F.R.C.S. Third Edition. 50 Illustrations. 5#. net 

A Simple Method of Water Analysis. By John C. 

Thresh, M.D.Vic., D Sc.Lond. Ninth Edition. 3*. net. 

By J. C. Thresh and d. F. Beale, M.R.O.S., D.P H. 

The Examination of Waters and Water Supplies. 

Third Edition. With 59 Illustrations. 25*. net. 

By J. C Thresh and Arthur E. Porter, M.D., M. A. Cantab. 

Preservatives in Food and Food Examination. 

8 Plates. 16*. net. 

Foods and their Adulteration. By Harvey W. 

Wiley, M.D., Ph.D. Third Edition. With 11 Coloured Plates and 87 
other Illustrations. 27*. net. Beverages and their Adulteration. 
With 42 Illustrations. 21*. net. 

Text-book of Meat Hygiene. By B. Edelmann, 

Ph.D Translated by J E Mohler, A.M., VM.D , and A. Eichhorn, 
D.V.S. Fifth Edition. With 161 Illustrations and 6 Plates. 25* net. 

A Manual of Bacteriology, Clinical and Applied. 

By R. Tanner Hewlett, M.D., Professor of Bacteriology, University 
of London. Eighth Edition. 38 Plates and 63 Figures m the Text. 
18*. net. Serum and Vaccine Therapy, Bacterial Therapeutics 
and Prophylaxis, Bacterial Diagnostic Agents. Second Edition. 
32 Figures. 8*. 6 rf. net. 

Immunity : Methods of Diagnosis and Therapy. 

By Dr. J. CrTRON. Second Edition. 40 Illustrations. 14*. net. 

Clinical Diagnostic Bacteriology, including Serum- 

and Cyto-diagnosis. By A. C. Coles, M.D., D.Sc. 2 Plates. 8*. net 

Lessons in Disinfection and Sterilisation. By F. W. 

Andhe wes, M.D., F.R.C.P. Second Edition. 31 Illustrations. 3s.6rf.net. 

Dairy Bacteriology. By Dr. Orla- Jensen. Translated 

by P, S. Akup, B.Sc., E.I.C. With 70 Illustrations. 18*. net. 

The Chemical Analysis of Foods. By H. E. Cox, 

M.Sc., Ph.D., F.I.C. 38 Illustrations. 18s.net. 
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Pathology, General and Special, for Students of 

f EWLETT ’ M.D., F.R.C.P., D.P.H., Professor 
i 9 Tih? ? ff * Y + and B ^ te nolo«ry in Kind's College, London. 48 
Plates and 12 Illustrations in Text. Filth Edition. IS*, net. 

Clinical Pathology. By P. 1ST. Panton, M.B., Clinical 

w Hale Clinical Laboratory, London Hospital. 

With 13 Plates (11 Coloured) and 43 Illustrations m the Text. 14s. net. 

A Manual of General or Experimental Pathology. 

By W. S. Lazarus-Baelow, M.D., F.R.C.P , Director of the Cancer 
Research Laboratories, Middlesex Hospital. Second Edition. 21#. net. 
Atudents me 24# S net ^^ologicai Anatomy and Histology for 

Synopsis of Surgical Pathology. By Eric Pearce 

Gould, M.D , F R.C P. 6# net. 

Surgical Pathology and Morbid Anatomy. See p. 8. 
Post-Mortem Manual. By C. R Box, M.D., Lecturer 

on Applied Anatomy, St. Thomas’s Hospital. Second Edition. 22 Illus- 
trations. 10#. 6d. net. 

The Pathologist’s Handbook: a Manual for the 

Post-mortem Room By T. N. Kelyjtacx, M D 126 Illustrations. 4#. 6rf 

net. 

Psychological Medicine. By Sir M. Craig,C.B E ,M.D , 

Physician, Mental Diseases. Guv’s Hospital Fourth Edition. With the 
Collaboration of T Bkvtox, O B E., MP, Lect m Mental Diseases, 
Bethlem Royal Hospital. 25 Plates. 21# net. 

Also by Sir M. Craig 

Nerve Exhaustion. 6s. net. 

Mentai Diseases : Clinical Lectures. By Sir T. S. 

Cloustost, M D., F.R.C P.Edm Sixth Edition. 30 Plates 16# net 

Unconscious Therapeutics; or, the Personality of 

the Physician. By Alfred T. Schofield, M D , Hon Physician to 
Fnedenheim Hospital. Second Edition. 5#. net. The Management of 
a Nerve Patient. 5#. net 

The Journal of Mental Science. Published Quarterly, 

by Authority of the Royal Medico -Psychological Association. 7#. 6<i. net. 

Practical Electrotherapeutics and Diathermy. By 

G B Massey, M.D. 157 Illustrations 21#. net. 

Electro-Therapy : Its Rationale and Indications. 

By J. Curtis Webb, M B., B.C. With 6 diagrams. 5# net 

Electricity : Its Medical and Surgical Applications. 

By C. S Potts, M.D. With 356 Illustrations and 6 Plates. 21#. net. 

Lang's German- English Dictionary of Terms used 

in Medicine and the Allied Sciences. Third Edition, edited and 
revised by M. K. Meters, M.D. 28#. net. 
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j The Practice of Medicine. By the late Sir Frederick ' 

H Taylor, M.D. Tlmteenth Edition. Revised by Drs. E. P. Poulton, C. P. 

' Symokds and H W Barber. 48 Plates and 92 Figuies. 28*. net. 

) Recent Advances In Haematology. By A. Piney, 

} M D , Director of Pathology, Chai mg- Cross Hospital 4 Coloured Plates. 

\ 20 Text-figures. 12*. Gd. net. 

' Endocrine Diseases, Their Diagnosis and Treatment. ' 

• By W Falta (Vienna). Translated and Edited by M. K Meyers, M.D. * 

N With Foreword by Sir A E. Garrod, K.C.M.G., M D. 104 Illustrations. 

/ 36*. net. 

Text-book of Differential Diagnosis of Internal 

; Medicine. By M. Matlees. TzansJated trom 4tli Geiinan Edition by 

• I W. Held, M D , and M. H. Gross, M D. 176 Illustiations. 42? net. t 

Medical Diagnosis. By A. Latham, M D., F.R C.P., 

, and J. Torrens, M.B., M R.C.P. 74 Illustiations, 19 m colour 15* net 

Pulmonary Tuberculosis. Its Diagnosis, Preven- 
tion, and Treatment. By W.M. Croft on, M.D. 21 Illustrations 6* net. 
Therapeutic Immunisation : Theory and Practice. 7s bd. net ) 

A Text -Book of Medicine. Begun by the late C. ' 

Hilton Fagge, M.D , completed and i e-w i itten by P. H. Pye Smith, 
M.D., F.R.S. Foui tli Edition. 2 vols. 42s. net. 

The Primary Lung Focus of Tuberculosis in Chil- < 

dren. By Dr. Antfon Ghou Translated by D Barty King, M.D , 
M.R.C.P. 2 Coloured Plates and 74 Text-figures. Kb G d net. 

Studies in Influenza and its Pulmonary Com pi i- ) 

i cations. By D. Bakty King, O.B E., M.D 7s Gd net > 

; A Short Practice of Medicine. By R. A. Fleming, M D , 

F.R.C.P.E , F R.S E , Dectuier on Medicine, School of Royal Colleges, 
Edinburgh. Third Edition. With 64 Illustrations. 21*. net. ( 

The Practice of Medicine. By M. Oharteris. M.D. 

Ninth Edition. Edited by F. J. Charieris, M D , Ch B 9* bd net , 

Digestion and Metabolism. The Physiological and > 

, Pathological Chemistry of Nutrition. By A. E. Taylor, M D. J8«. net. } 

t Text-Book of Medical Treatment. By ZEST. I. C. Tirard, ! 

M.D., F.R.C.P. 15* net. 

; A Manual of Family Medicine and Hygiene for ' ^ 

India. Published under the Authority of the Government of India. By ) 
Sir William J. Moore, K.C.I.E , M.D. Ninth Edition, edited by Major 
C. A. Sprawsoh, C.I.E , M.D , I.M.S. 69 Engravings. 10*. Gd net. 

The Blood : how to Examine and Diagnose its 

Diseases. By Alfred C. Coles, M.D., D.Sc., F.R S.Edm. Third 
Edition. 7 Coloured Plates. 10*. 6 d. net. 


O 


Lectures on Medicine to Nurses. By Herbert E. 

Cupp, M.D., F.R.C.S. Seventh Edition. 29 Illustrations. 7*. Gd. net. 

On Alcoholism : Its Clinical Aspects and Treat- 

ment. By F. Hake, M.D., Med. Supt.,RorwoodSaiiatonmn,5*. net. 
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Recent Advances in Medicine. Clinical — Laboratory — 

Therapeutic. By G. E. Beaumont, D.M , P R.G P . Assistant Physician, 
Middlesex Hospital, and E. 0. Dodds, M B , B.S , Professor of Bio- 
chemistry, Uinv. of London. Thud Edition. 46 Illustrations. 12*. &d. net. 

The Diabetic Life: Its Control by Diet and Insulin. * 

By R. D Lawkence, M.D., Chemical Pathologist, King’s College Hos- 
pital. Second Edition. 11 Illustrations, 7* Gd net. ' j 

The Effects of Inanition and Malnutrition upon 

Growth and Structure By C M. Jackson, Professor of Anatomy, 
University of Minnesota- 117 Illustrations. 30s net. 

Massage : Its Principles and Practice. By James 

B. Mennell, M. A., M.D., B C., Sled. Officer, Physico-Therapeutic Dept., 

St Thomas’s Hospital Second Edition. With 167 Illustrations 21* net. 

Massage and Medical Gymnastics. By Dr. Emil 

Kleen. Translated "by Mina L. Dobbi*, M B , B.Ch , Med. Officer, 
Chelsea Physical Training College Second Edition. With 182 Illustra- 
tions 32s. net. Also Tianslated and Edited by Dr Mma L. Bobbie 
Applied Medical Gymnastics and Massage. By Dr. J. Aeaedson. 
Second Edition. 8s Qd net 

Treatment of Tuberculosis. By Albert Bobin. Trans- 
lated by Dr. Leon Blanc and H. de Meric 21s net. 

Researches on Rheumatism. By F. J Poynton, 

M D , F. R.G P , and A Paine, M D , B.S 106 Illustrations 15* net. 

Vicious Circles in Disease. By J. B. Hurry, M A., 

M.D. Third Edition. With Illustrations. 15s net Poverty and Its 
Vicious Circles. Second Edition. 15s. net. The Vicious Circles off 
Neurasthenia and their Treatment. 3s. 6 d net. Vicious Circles la 
Sociology and their Treatment. 2«. net. The Ideals and Organisa- 
tion of a Medical Society. 2s. net. 

Physical Signs in the Chest and Abdomen. By 

A. J. Jex-Blakf, M.D., F.R C P. 27 Illustiations. 9s. 0<f net 

Ulcer of the Stomach and Duodenum. By Samuel 

Fenwick, M.D., F.R.C.P., and W. Soltau Fenwick, M.D., B.S. 55 
Ulusfcrations. 10s. 6d net. Cancer and other Tumours of the 
Stomach. 70 Illustrations. 10*. 6d. net. 

The Schott Methods of the Treatment of Chronic 

Diseases of the Heart. By W. Bezly Thokne, M.D., M.R.C.P- Fifth 
Edition. Hlustrated. 5s. net. 

The Clinical Examination of Urine. By Bindley 

Scott, M A., M.D. 41 original Plates (mostly in colours). 15* net.. 

Urine Examination made easy. By Thomas Car- ' 

ruthers, M.B., Ch.B. Fourth Edition. 2*. net. 

Uric Acid as a Factor in the Causation of Disease. 

By Alexander Haio, M.D., F.R.C.P Seventh Edition. 75 Illustrations. 

14s. net. Uric Acid in the CIinic.5*. net. Uric Acid, an Epitome of 
the Subject. Second Edition. 2*. Qd. net. 

Medical Hydrology. ByB.FoRTEScuE Fox, M.D. 6s. net. 

Physical Therapy in Diseases of the Eye, Ear, Nose 

and Throat. By A R Hollander, M.D., and M.H* Cotile, M D. 21* net. 
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Science and Practice of Surgery. By W.H.C. Romanis, 

F R.C.S., and P. H. Mitchinfu, FKC.S. 2 \ols. 500 Illustiationg* 

: 28a. net. 

Surgery. Edited by G. E. Gask, C.M G., D.S.O., 

; F.B C.S , and Harolu W. Wilson-, M S , M.B , F.R.O.S , Siugeons, St 

Bartholomew’s Hospital With 39 Plates, 20 m Colour, and 407 Text- 
figures. 30a. net. 

; The After-Treatment of Wounds and Injuries. 

By R. C Et.msi.ie, M.S , F R.C.S., Special Mil Surg. Hosp , Shepherd’s 
. Bush, Surgeon, St. Bartholomew’s Hospital. With 144 Illustrations. 

, 15*. net. 

J A Text - Book of Surgery. Bv R Warren, M.X>., 

F.R.C.S., Assistant Surgeon, London Hospital. With 504 Original 
, Illustrations. 2 vols. 27*. net 

Surgical Pathology and Morbid Anatomy. By Sir 

\ Anthony A. Botoby, K.C.B., F.R.C.S., Surgeon to St. Bartholomew’s 

\ Hospital, and Slit F. W. Akdowbs, M.D , F.R.S., Lecturer on Pathology, 

, i St. Bartholomew’s Hospital Seventh Edition. With 210 Illustrations. 

u 30». net. 

< Ovariotomy and Abdominal Surgery. By Harrison 

Cbipps, F.R.C.S., Surgical Staff, St. Bartholomew’s Hospital. 25*. net. 

By the same Author. 

On Diseases of the Rectum and Anus, including 

the Sixth Edition of the Jacksonian Prize Essay on Cancer. Fourth 
Edition. With 14 Plates and 34 Illustrations. 10*. 6 d. net. 

4 Cancer of the Rectum, especially considered with 

* regard to its Surgical Treatment. Jacksonian Prize Essay . Sixth Edition. 

\ With 13 Plates and several Engravings. 5*. net. 

^ Diseases of the Rectum, Anus, and Sigmoid Colon. 

. By F. Swinfoed Edwards, F.R.C.S., Senior Surgeon to St. Mark's 

Hospital for Fistula and other Diseases ot the Rectum. Third Edition. 
102 Illustrations. 10*. Gd. net. 

Minor Surgery and Bandaging. Eighteenth Edition. 

(Heath, Pollard and Davies; By G Wynne Williams, M S , F.R.C.S., 
Surgeon, University College Hospital. 239 Illustrations. 10*. 6 d. net. 

* Injuries and Diseases of the Jaws. By Christopher 

Heath, F.R.C.S. Fourth Edition. Edited by H. P. Dean, M.S., F.R.C.S., 

< Assistant Surgeon, London Hospital. 187 Illustrations. 14*. net. 

By the same Author. 

Clinical Lectures on Surgical Subjects delivered at 

University College Hospital. First Series, 6*. j Second Senes, 6*. net. 

Surgical Nursing and After-Treatment. By H. C. 

Rutherfobd Dakling, M.D., F R.G.S., Surgeon, South Coast Hospital, 
\ Sydney. Second Edition. With 138 Illustrations. 8*. Gd net. 

By the same Author. 

Elementary Hygiene for Nurses. Third Edition. 

,• 50 Illustrations. 3*. net. 
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Surgery 0 Anaesthetics 


The Operations of Surgery. Seventh Edition of 

Jacobson By R. P. Rowlands, M. S Loud., F. R.C.S., and Philip 
Turkkr, M.S., F.R.C.S., Surgeons, Guy’s Hospital. 2 vols, About 830 
Illustrations, some in Colour. L3 10*. 0 d. net. 

Surgery in War. By A. J. Hull, F.E C.S., Lieufc.-Col., 

R.A M.C., Surgeon, British Expeditionary Force, France. With 210 
Illustrations. 25$ net. 

Operative Surgery of the Head, Neck, Thorax and 

Abdomen. By Edwikd H. Taylor, F R 0 S I , University Professor of 
Surgery, Trinity College, Dublin. With 300 Original Illustrations, many 
in colo'ii 32* net 

Synopsis of Surgery. By Ivor Back, F.R.C. S., 

Suigeon, St. George’s Hospital, and A. T.Edwirds, F.R C.S , Assistant 
Surgeon, Westmmstei Hospital. 12*. 6d net 

Synopsis of Surgical Pathology. By Eric Pearce 

Gould, M D., F.R C S. 6«. net. 

Synopsis of Surgical Diagnosis. BvW.H 0. Romanis, 

M B , M C , F.R.C S. 8s 6 d net 

Inguinal Hernia, the Imperfectly Descended 

Testicle, and Varicocele By Philip Turner, M.S , F R C S , Assistant 
Surgeon, Guy’s Hospital. With 22 Illustiations. 10*. Grf. net. 

War Surgery of the Abdomen. By Sir Cuthrert 

Wallace, 0 M.G., F R.C.S. 26 Illustrations. 10*. Qd. net. 

Practice and Problem in Abdominal Surgery. By 

Alirid Ernest Maylvrd, M B Lond and BS, Senioi Suigeon to 
the Victoria Infirmary, Glasgow With 39 Illustiations. 8*. 6 d. net. 
Abdominal Tuberculosis. 57 Illustiations 12* Qd net. 

Clinical Essays and Lectures. By Howard Marsh, 

F.R.C. S. Prof. Surgery, Univ. Cambudsre. 26 Figures. 7*. Qd. net. 

' Modern Bullet- Wounds and Modern Treatment. 

' By Major F. Smith, D.S.O., R.A.M.C. 3*. net. 

' Surgical Emergencies. By Paul Swain, F. R.C.S. 

Fifth. Edition. 149 Engravmgs. 6*. net. 

) Chloroform: a Manual for Students and Practi- 

tioners. By Edward Lawrie, M B.Edm. Illustrated. 7*. Qd. net. 

; Anaesthesia. By J. T. Grwathmey, M.D., President of 

/ the American Association of Anaesthetists, with Collaborators on Special 

) Subjects. Second Edition 273 Illustrations. 23*. net. 
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Dermatology a Urinary Disorders 
Neurology a Tropical Diseases 


A Text- Book of Diseases of the Skin. By J. H. 

Skqueira, M.D., F.R.C.P., PRC S., Physician, Skm Dept., London 
Hosp 4th Edition. 56 Plates in colours and 309 Text-figures. 42s. net. 

The Diagnosis and Treatment of Syphilis. By Tom 

Robinson, M.D. Second Edition. 3*. Qd. net. The Diagnosis and 
Treatment of Eczema. Second Edition 3s. 6 d. net 

An Epitome of Mental Disorders. By E. Peter 

Ballarb, M.B., B S. Illustrated 7s 6d net 

A Text- Book of Nervous Diseases. By W. Aldeen 

Turner, M.D., F.R O.P., Physician and Lecturer on Neurology, King’s 
College Hospital; and T. Grainger Stewart, M B., M.R C.P., Assistant 
Physician, National Hospital for Paralysed. 188 Illustrations. 18s.net. 

Paralysis and other Nervous Diseases in Childhood 

and Early Life. By James Taylor, M.D., F R.C.P , Physician, National 
Hospital for Paralysed. 74 Illustrations. 12s Qd. net. 

By Sir W. R. Gowers, M.D., F R.S. 

Subjective Sensations of Sigtit and Sound, Abio- 
trophy, and other Lectures on Diseases of the Nervous System 6«. net. 
Epilepsy and Other Chronic Convulsive Diseases: their Causes, 
Symptoms, and Treatment, Second Edition. 10*. Qd. net. The 
Borderland of Epilepsy, Faints, Vagal Attacks, Vertigo, Migraine, 
Sleep, Symptoms, and their Treatment. 4s Qd. net. 

Selected Papers on Stone, Prostate, and other 

Urinary Disorders. By R. Harrison - . F.R.C.S. 15 Illustiatiors. 5s.net. 
By E. Hurry FENwrcx, F.R.C 8., Suigeon to the London Hospital 

Atlas of Electric Cystoscopy. 34 Coloured Plates 

21*. net. 

Obscure Diseases of the Urethra. 63 Illus. 6s. 6d net. 
Tumours of the Urinary Bladder. Fasc. I. 5s. net. 
Ulceration of the Bladder, Simple, Tuberculous, and 

Malignant : a Clinical Study. Illustrated. 5s. net. 

The Malarial Fevers of British Malaya. By 

Hamilton Wright, M.D. Map and Charts. 3s. net. The Etiology 
and Pathology of Beri=Beri. With Map and Charts. 3s.net. 

The Nematode Parasites of Vertebrates. By 

Warrington Yorkf, M D., Professor of Parasitology, University of 
Liverpool, and P. A. Maplk^tone, M B., D.S.O. Foreword by C. If. 
Stiles 307 Illustrations. 3Gs net. 
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Midwifery a Gynaecology 


The Queen Charlotte’s Practice of Obstetrics. 

By J B. BiMsrKR, 11 D., FECS.A. W Bourne, M B,FR C.S., T.B. 
Bavifs, MD, F.R.C.S , C. S. La.n f- Roberta, IIS., FBC.S., L. G 
Phillips, M S., F.R C.S , L O Riv*tt, II C , F.R. C S., Members of the 
Staff of the Hospital 300 Illustrations, 4 Coloured Plates is#. net. 

Recent Advances in Obstetrics and Gynaecology. 

By Aleck W. Bourne F R.C.S., Obstetric Surgeon, St. Mary’s Hos- 
pital, and Queen Chailotte’s Hospital 58 Illusti ation s 12#. 6d. net. 

Practical Midwifery. By Gibbon FitzGibbon, M.D., 

F.R.C P.I. With 175 Illustrations 16s net 

The Difficulties and Emergencies of Obstetric 

Practice By Comyns Berkeley, M D , F.R.C.P., and Victor Bonnet, 
M.D., F.R C.S., Obstetric and Gynaecological Surgeons, Middlesex 
Hospital. Third Edition With 309 Original Illustrations. 36#. net 

Manual of Midwifery. By T. W. Eden, M.D., C.M.Edin., 

F.R.C.P.Lond , Obstetric Physician, Charing Cross Hospital, and Eaeduy 
Holland, M D.,F R O.P., F RCS , Obstetric and Gynaecological Surgeon, 
London Hospital 6th Edition 7 Plates and 393 Ulus. 21# net. 

By the same Author and C Lockyer, M.D , F R.C P., F.R C.S. 

Gynaecology. Second Edition 513 Illustrations and 

24 Coloured Plates 36s net. 

A Short Practice of Midwifery, embodying the 

Treatment adopted m the Rotunda Hospital, Dublin. By Henry Jellett, 
M.D., B.A.O.Dub,, late Master, Rotunda Hospital, Dublin. Ninth 
Edition 4 Coloured Plates and 263 Illustrations, lb#, net. A .Short 
Practice of Midwifery for Nurses, with a Glossaiy of Medical Terms, 
and the Regulations of the O M B. Seventh Edition 4 Coloured Plates 
and 172 Illustrations. 8#. 6</ net. A Practice of Gynaecology. Fifth 
Edition 15 Col Plates and 417 Illustrations 'many coloured >. 25# net. 

A .Short Practice of Gynaecology. Fifth Edition With 318 Illustrations 
(many m colour} and 10 Plates. 18#. net 

Manual of Obstetrics. By O. St John Moses, M D , 

C.M., D.Sc., F.R C.S With 136 Illustrations. 21# net. 

Obstetric Aphorisms. By tlie late J. G. Swayne, M D , 

Revised by W. C. Swayne, MB, B S Loud., Professor of Obstetrics, 
University of Bristol. Eleventh Edition With 29 Illustrations. 3#. 6d. net. 

A Manual for Midwives. By C. J. N. Longridge, 

M.D., and J. B. Banister, M.D., F.R.C.S., Physician to Out-patients, 
Queen Chailotte’s Hospital Third Edition. 51 Illustrations 7# 6d. net. 

A Short Manual for Monthly Nurses. By Charles 

J. Culling worth, M.D., F.R.C.P. Sixth Edition. 1# 6d. net. 

A Clinical Manual of the Malformations and Con- 

genital Diseases of the Foetus. By Prof. Dr. R. Birnbaum. Translated 
' and annotated by G. Blacker, M.D., F.R.C.P., F.R.C.S., Obstetric 

Physician to University College Hospital, With 66 Illustrations. 15# net. 

Sterility in Woman: Its Causes and Treatment. 

By R A. Gibbons, M.D., F.R.C. S.Ed. With 44 Illustrations. 12# 6rf. net. 
< ALSO BY DR R. A. GIBBONS. 

A Lecture on Dysmenorrhrcea. 2# 6d. net. A Lecture on Sterility : its 
/Etiology and Treatment. 2s. 6 d. net. A Lecture on Pruritus 
\ Vulvae : its /Etiology and Treatment. 2#. 6d. net. 
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Medical Jurisprudence £ 

Ophthalmology \ 


An Introduction to Forensic Psychiatry in the 

Criminal Courts. By W. Norwood East, M.D., Medical Inspector H.M. 
Prisons. 10?. net. 

Some Famous Medical Trials. By L. A. Parry ,M.D , 

F R.C S 10? 6 d. net 

Forensic Medicine. A Text-book for Students and 

Practitioners By Sydney Smith, MD, D.P H , Puneipal Medico- 
Legal Expert, Egyptian. Government. 117 Illustrations 21s. net. 

Forensic Medicine. Illustrated by Photographs and 

Descriptive Cases. Bv Harvey Littlejohn, M B , F R.C.S Eel ,FRS E., 
Regius Professor of Forensic Medicine, Univeisity of Edinburgh 183 
Illustrations. 15?. net. 

Medical Jurisprudence: its Principles and Practice. 

By Alfred S. Taylor, M.D. Seventh Edition, by Fred. J. Smith, 
M.D., F.R.C.P- 2 vols. £3 3?. net. 

Refraction of the Eye, including Physiological 

Optics By Ohai:le& Goulden, O.B.E., M D., F. R.C.S. , Ophthalmic 
Surgeon, London Hospital. 180 Illusttatious. 10? 6rf.net. 

Medical Ophthalmology. By R. Foster Moore, 

O.B.E., F.R.C.S. Ophthalmic Surgeon, St. Baitholomew’s Hospital. 
Second Edition. 92 Illustrations 18s. net. 

Refraction of the Eye : a Manual for Students. 

By G. Hartridge, F.R.C.S. Sixteenth Edition. 110 Illustrations, also 
Test-types, etc. 7*. 6rf. net. The Ophthalmoscope : a Manual for 
Students. Sixth Edition. 65 Illustrations and 4 Plates. 6?. 6rf. net. 

Diseases of the Eye : a Manual for Students and 

Practitioners. By Sir J. H. Parsons, D.Sc., F.R.C.S., F.R.S , Ophthal- 
mic Surgeon, University College Hospital , Fifth Edition 343 Illus- 
trations and 19 Coloured Plates. 19?. net. Elementary Ophthalmic 
Optics, Including Ophthalmoscopy and. Retinoscopy. 66 Illustra- 
tions. 6s. 6rf. net. 

Sight-Testing Made Easy, including Chapter on 

Retinoscopy. By W. W. Hardwicxe, M.D. Fourth Edition. 5#. net. 

The Ophthalmoscope and How to Use It, with a 

Chapter on Diplopia By A. Freeland Fergus, LL D , M D , F R S.E. 
Second Edition. 17 Illustrations 3* 6rf net. 

Principles of Ophthalmoscopy and Skiascopy- By 

G. F. Alfxandfr, M.B., C.M. 31 Illustzations. 5s.net 

Ophthalmoiogical Society of the United Kingdom- ^ 

Transactions. Vol. XL VI. 30». net. 

The Slit-Lamp Microscopy of the Living Eye. By a 

F E». Kosr. Translated by C. B. Gouldfn, O.B.E., M.D., F R.C.S., 
and Clara L. Harris, M-B , Ch.B. 43 Illustrations. 10*. 6rf. net 

Ophthalmic Nursing- By M. H. Whiting, F.R.C.S. ' 

51 Illustrations. 5*. net. 
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Otology a Paediatrics a Dentistry 


The Labyrinth of Animals, including Mammals, 

Birds, Reptiles, and Amphibians By Albert A. Gray, M.D.(Glas.), 
F.R S.E., Surgeon for Diseases of the Ear to the Victoria Infirmary, 
Glasgow. Vol. I, with 31 Stereoscopic Plates 21*. net (including' 
Stereoscope). Vol. II. 45 Stereoscopic Plates. 25*. net. 

Manual of Diseases of Nose and Throat. By C. G. 

Coikley, M D. Sixth Edition. 145 Illu& and 7 Coloured Plate*. 28* net 

The Pharmacopoeia of the Hospital for Diseases 

of the Throat, Nose, and Ear. Edited by 0. A. Parker, F.R.C.S., and 
T Jefferson Iaulder, F.R.C S. Seventh Edition. 2*. 6rf. net. 

\ Diseases of the Ear. By T. Mark Hovell, Senior Aural 

. Surgeon to the London Hospital 2nd Edition. 128 Engi ax mgs. 21*. net. 

Premature and Congenitally Diseased Infants. 

By Julius H. Hfss, At D With 189 Ulustiations 38* net 

The Diseases of Children. By Sir J. F. GooDHART,Bt., 

M D., F.R.C.P., and G. F. Still, M.D.,F.R.C.P , Piofessor of the Diseases 
of Children, King’s College. Twelfth Edition 6s Illusti at'ons. 28*. net. 

The Wasting Diseases of Infants and Children. By 

Eustace Smith, M.D., F.R C.P. Sixth Edition. 6*. net 

An Introduction to Dental Anatomy and Physio- 
logy, Descriptive and Applied. By A. Hope will Smjih, L.D.S.Eng , 
Professor of Dental Histology, University of Pennsj 1 v an’R, Philadelphia. 
With 6 Plates and 340 Ulustiations 2U net 

By the same Author 

! The Normal and Pathological Histology of the 

Mouth. Vol. I, Normal Histology Vol. II, Pathological Histology. 
With 658 Illustrations 2 vols. £'2 2*. per set 

Dental Anatomy, Human and Comparative: a 

t Manual. By Chaiilis S. Tomis,M A., F R S. Edited by H. W. Marett 

Tims, O B.E , M A , M.D., F Z S , and C Bowdllr Hum, L R C.P , 

. MECS,LDS ting. Eighth Edition. 325 Illustrations. 2 8*. net. 

A System of Dental Surgery. By Sir John Tomes, 

F.R S. Revised by C. S. Tomes, M.A., F.R.S., and Walflr S. 

Nowell, M.A.Oxon Fifth Edition. 318 Engravings. 15*. net. 

An Atlas of Dental Extractions, with Notes on the 

\ Causes and Relief of Dental Pain. By C Edward Wallis, M.R C S., 

v L.R.C.P., L D.S., Assistant Dental Surgeon, King’s College Hospital, 

v Second Edition. With 11 Plates. 6* net. 

A Manual of Dental Metallurgy. By Ernest A. Smith, 

) Assay Office, Sheffield. Fourth Edition. 37 IUustrations. 12*. ©d. net. 

\ Synopsis of Dentistry. By A. B. G. Underwood, 

B.S..L.D.S Eng. With 10 Ulustiations. 9*. 6d. net. 

; Handbook of Mechanical Dentistry. By J. L. 

Dudley Buxton, L.D.S., Dental Surgeon, University College Hospital. 
) With 168 Ulustiations. 12*. 6d. net. 
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Chemistry 


The Chemical Analysis of Foods. A Practical Treatise on the Examina- 
tion of Foodstuffs and the Detection ot Adulterants. By H E. Cox, M.Sc., 
Ph.D., F.I-G., Public Analyst for Borough of Hampstead. 38Illtis. 18s.net 
Parry's Cyclopaedia of Perfumery. By E. J Pikht, B Sc , F l.C , F.C.S , 
Analytical and Consulting’ Chemist. 2 Vols 36s. net 
Gasworks Laboratory Handbook. By W. I Tstesojt, Chief Chemist, Brad- 
ford Corporation Gasworks. 55 Illustrations. 9* Gd. net. 

Organic Medicaments and their Preparation. By E Fourxeau. Tians- 
Iated by W. A. Silvester, M Sc. 22 Illustrations. 15*. net 
The Fundamental Processes of Dye Chemistry. By H. E. Fikkz-David. 

Translated by F. A. Maso X, Ph.D. 45 Illus. including 19 Plates. 21*. net 
A Junior Inorganic Chemistry. By R. H Spear, M.A. Second Edition 
97 Illustrations. 6*. 6 d Also Part i (up to Atomic Theory). 3s Gd. net. 
Explosives. Their Manufacture, Properties, Tests, and History. By 
A. Marshall, A.C.G.I. Second Edition. 2 vols. 158 Illustrations. 

£3 3*. net. A Short Account of Explosives. 7# 6rf.net. A Dictionary 
of Explosives. 15*. net. 

Inorganic and Organic Chemistry. Bv 0 L Bloxjlm. Eleventh Edition. 

By A. G. Bloxam, F.I.O., and S. Judd Lewis, D.Sc , F l.C. 310 Illus- 
trations 36*. net. 

Treatise on Applied Analytical Chemistry. Edited by Prof V. Villa- 1 
vi-cchia. Translated by T. H Popk, B Sc. Vol. I. With*58 Illustiations. < 
21s.net. Vol. II. With 105 Illus tiations 25s.net. 

Treatise on General and Industrial Chemistry. By Dr. Etiore Moliptari. 

Second English Edition. Translated by T. H Pope, B.Sc., F.I.C. / 
Vol. I. — Inorganic. 32S Illus., 42*. net. Vol. II — Organic. Part I. v 
254 Illus , 30*. net. Part II 303 Illus , 30* net. 

Ammonia and the Nitrides, With Special Reference to their Synthesis. 

By E. B. MAxrED, Ph.D., B.Sc. 7s Gd. net. 

Bricks and Artificial Stones of Non-plastic Materials. By Alfred B. v 
Sfarle. 65 Illustrations. 10*. Gd. net. 

The Chemistry of Cyanogen Compounds, and their Manufacture and 

Estimation. By Herbert E. Williams. 12*. 6d . net. 

The Preparation of Organic Compounds. By E. dk Barry Barhett, B.Sc. 
Second Edition. With 54 Illustrations 10*. Gd net. A Text- book of 
Organic Chemistry. With 15 Illustrations. 10* 6rf.net. 

The Plant Alkaloids. By T A. Henry, D.Sc Second Edition. 8 Plates. 

28*. net. 

Industrial Organic Analysis. By Paul S. Arup, B Sc , A.C.G I. Second 
Edition. 25 Illustrations. 12*. Gd. net. 

A History of Chemistry. By the late J. Campbell Browx Edited by 
H. H. Buowsr. Second Edition. With 106 Illustrations. 21* net 
Practical Chemistry. Sixth Edition Edited by G. D. Bexo-ough, 
D.Sc. 2s.6d.net. Essays and Addresses. With23Illustrations.5K.net. 
Microbiology for Agricultural and Domestic Science Students. Edited 
by C. E. Marshall. Third Edition. With 200 Illustrations. 21*. net 
Cocoa and Chocolate : their Chemistry and Manufacture. By R. 

Whymper. Second Edition. With 16 Plates and 38 figures. 42*. net. 
Synthetic Use of Metals in Organic Chemistry. By A. J. Hale Gg net. 
Reagents and Reactions. By E. To&noli. Trans, by 0. A, Mitchell. { 
7*. Gd. net. * ( 

Colloid Chemistry of the Proteins. By Prof Dr W. Pauli. Translated by 
P. C. L> Thoritk, M.A. With 27 Diagrams. 8* Gd. net. 

The Formation of Colloids. By The Svedberg-. 22 Illustrations. 7*. Gd net. ; 
Laboratory Manual of Elementary Colloid Chemistry. By E. Hatschex. 

Second Edition. With 21 Illustrations. 7s. Gd. net. ( 

Practical Physiological Chemistry. ByP. B. Hawk, M.S., Ph.D. Ninth ( 
Edition. With 6 Coloured Plates and 273 Text-figures. 28* net. ( 

The Atmospheric Nitrogen Industry. By Dr. I. B Waesfr. Translated , 
by E. Fylfmax, Ph.D. 2 Vols. 72 Illustrations. 42*. net. 
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' Chemistry a Physics 


The Preparation and Analysis of Organic Compounds. Bv J, Berniud 
Coleman, ABC Sc., F I.C , F C S., and Francis Arxall, Ph.D , M.Sc , 

42 Illustrations. 15* net. 

Theoretical Organic Chemistry. Pan I By Francis Akxlll Ph.D., 

M.Sc. and Francis W Hodoes M Sc. 30 Illustrations. 115 Experiments. 

10s. Gd. net. 

The Chemistry of the Proteins and its Economic Applications. By 

Doboiht Jordon Dlovd, D be., F.I C. 50 Illustrations. 10s. Gd. net 
Oils, Fats and Fatty Foods. By E Richards Bolton F.I C., F.C.b. 
Illusti ated 

Elementary Qualitative and Volumetric Analysis. By W. Caldwell, 

M.A., Sc.D 10s Gd. net. 

Quantitative Organic Microanalysis By F Prlgl, D.Sc., 'Translated by 
E. Fyleman, B Sc , Ph.D. 42 111 lustrations. 12s. Gd. net. 

Sutton’s Systematic Handbook of Volumetric Analysis, lltli Edition, by 
W L. Sun on, F I C , and A. E. Johnson, B Sc., F.I C. 120 Ulus 35s net. 

A Text»Book of Practical Chemistry. By G. F, Hood, M.A,, B.Sc., and 
J. A. Carpenter, M A. 162 Illus. 2D net. 

Introduction to Qualitative Chemical Analysis. By C. R. FRKstNiUb. 17th 
Edition, translated by C. A Mitchell, F.I C 57 Illustrations 36s net 
Chemical Combinations among Metals. By Di.M. Glia. Translated by 
G. W, Robinson. With 207 Illustrations. 21s. net. 

The Analyst’s Laboratory Companion. Bv A E. Johnson, B.Sc., F.I.C. 

Fifth Edition 10 k 6 d net 

Allen’s Commercial Organic Analysis : a Treatise on the Properties, 

Modes of Assaying, Proximate Analytical Examination, etc., of Oigamc 
Chemicals and Products. Fifth Edition, m 9 vols. Edited by 0. A. 
Mitchell, M.A , F.I C , S. b. Sadillr, S B., and E. C. Laihkop, 

A.B., Ph.D. 30s. neb each volume. 

Volumetric Analysis for Students of Pharm. and General Chemistry. 

By C. H Hampshire, B Sc , F I C. Fourth Edition. 7s Gd. net 
Valentin’s Practical Chemistry. By Dr. W. R HoDGkii^o.N, F.R.S.E. 

Tenth Edition. 97 Illustrations. 12*. Gd. net. 

Quantitative Analysis Bv Fiank Crowds, D Sc.Lontl , and J. B. Coleman, 

A.R C.Sci.Dub 12th Edition 133 Engravings. 18*. net Qualitative 
Analysis. Ninth Edition. 84 Engravings 12*. Gd. Elementary 
Practical Chemistry. Paul Seventh Edition General Chemistry. 

76 Engravings. 6*. net. Part II Tenth Edition. Analytical Chemistry. 

20 Engravings. 6*. net. 

Elementary Practical Metallurgy. Bv J H. Stax^bie, B.Sc. F.I.C. 25 
Illustrations. 5*. net 

Text-Books of Chemical Research and Engineering. 

Edited by W. P Dulapik. O.B E., F I.C. 

Clouds and Smokes. The Piopeities of Disperse Systems m Gases. Bv 
W E. Gibbs, D Sc. 30 Illustrations. 10*. Gd. net. 

The Theory of Emulsions and Emulsification. By W. Clarion, D Sc 
F ore\void by Prof F G. Donnan, FRS. 22 Illustrations 9*. Gd. net. 
Catalytic Hydrogenation and Reduction. By E. B. Maxtxd, Ph.D , B Sc , 

F C S. AVith 12 Illustrations 5s.net. 

/ Surface Tension and .Surface Energy and their Influence on Chemical 

Phenomena By R. S. Willows, M.A , D.Sc., and E. Hatschek. Third 
( Edition. With 25 Illustrations. 6s. 6d neb- 

( Molecular Physics and the Structure of the Atom. By J. A. Growth*: 2 , 

( Sc.D. Third Edition. With 32 Illustrations. 7*. Gd. net. 

) Notes on Chemical Research. By W P. Dreaper, O B.E., F.I.C. Second / 

) Edition. 7s. Gd. net. } 

) An Introduction to the Physics and Chemistry of Colloids. By Emil ^ 
Hatschek. Fifth Edition. With 22 Illustrations. 7s.6d.net 
\ Catalysis and its Industrial Applications. By E. JoblinCt, M.C., A.R.C.Sc., 

: B.Sc., F.C.S. Second Edition. 12 Illustrations 7s.6d.net 
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